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1°99. LOW-VOLTAGE 
POWER UNIT 


This low-voltage power unit has been de- 
signed to meet the needs of science teaching 
in secondary schools and provides an effi- 
cient source of low voltage A.C. /D.C. power 
for experimental purposes in science labora- 
tories. The front panel is hinged to expose 
the wiring and component parts for teaching 
and the interlocking isolation switch renders 
the unit ‘dead’ and quite safe to handle. 


The unit has been pro- 
duced to the require- 
ments of the London 
County Council Educa- 
tion Committee and is 
already in use in a large 


number of schools \ L044 (inns 


throughout the country. 
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FEATURES OF WESTON SUPERIORITY 





Weston PORTABLE 
MOVING COIL INSTRUMENTS 


The new portable series of Weston D.C. permanent-magnet moving coil 
instruments combines extreme sensitivity with robustness of design. The 
movement is extremely responsive to slight changes of current and the 
damping characteristics are excellent. Metal rectifier or thermocouple is 
incorporated for the measurement of A.C. or H.F. current. The moving 
system is double pivoted, supported by spring-loaded jewels for protection 
against vibration or shock of any kind. Magnetic shielding is employed and 
the whole unit is housed in a handsome portable bakelite case with easy 
reading 6” scale, knife-edge pointer and anti-parallax mirror. All instruments, whether Microammeters, Milliam- 
meters, Millivoltmeters, Ammeters or Voltmeters, are available in either Sub-Standard or First Grade accuracy on 
D.C.; and First Grade accuracy on A.C. and H.F. 


Model S82 (as illustrated). Case dimensions 7}” X 7” X 334”. Weight 4} Ibs. (approx.) 











BOND RING CONSTRUCTION. The special 2 section Bond Ring 
Construction centrally drilled, is a special feature of these instruments. 
The extreme accuracy of the moving coil mounting ensures equal 
airgap spacing on either side to exceptionally close tolerances. 


—— 


SANGAMO WESTON LIMITED 








ENFIELD MIDDLESEX Telephone: Enfield 3434 (6 lines) and 1242 (4 lines) 
Scottish Factory: Port Glasgow, Renfrewshire, Scotland. 
Area Depots: 20/1 St. Vincent Street, Glasgow. 22 Booth Street, Manchester. Milburn House, Newcastle-on-Tyne. 33 Princess Street, Wolverhampton. 


Tel: Central 6208. Tel: Central 7904. Tel: Newcastle 26867. Tel: Wolverhampton 21912. 
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The Progress of Science 


One Man’s Meat... 


LIVING Organisms need a source of raw materials for tissue 
building and a source of energy. Animals satisfy both 
these needs simultaneously from their food, which consists 
of chemical compounds whose breakdown by oxidation 
yields both building blocks and the energy needed to sup- 
port the chemical processes whereby those blocks are 
reassembled to form new structures. Often the animal is 
unable to build up vital units and has to be supplied with 
them in a prefabricated form in the food; vitamins and 
essential amino-acids are examples of these special require- 
ments. Plants, however, have a greater synthetic ability, 
and can buila up everything required from the necessary 
elements supplied as carbon dioxide, water and inorganic 
salts. As carbon dioxide and water represent the final 
products from the burning of organic matter, no further 
energy can be obtained from their oxidation. Green plants 
rely on another source of energy—the radiant energy of 
the sun which is absorbed by the chlorophyll and used to 
energise the basic process of photosynthesis in which car- 
bon dioxide is reduced to sugar. The subsequent reversal 
of this process, the oxidation of some of the sugar in the 
plant cells, releases the energy trapped from sunlight and 
supplies the power to run the complex synthetic machinery. 

Many bacteria can also use carbon dioxide and inor- 
ganic salts for tissue building. Some contain a pigment 
with a similar function to that of the chlorophyll of green 
plants, and these are capable of photosynthesis like higher 
plants. Others, however, lacking this material can grow in 
the dark by utilising some specific chemical reaction to 
obtain energy. Many simple chemical changes which take 
place with release of energy are used by different bacteria. 

Some of the sulphur bacteria, for instance, change 
hydrogen sulphide to sulphur, others oxidise sulphur to 
sulphuric acid. The iron bacteria convert ferrous iron into 
ferric iron. A micro-organism has been isolated from soil 
which can convert selenium into selenic acid; there is 
another one which oxidises arsenites to arsenates, while a 
third micro-organism is capable of oxidising carbon 
monoxide to dioxide. (One research worker was able to 
free coal gas from carbon monoxide by using a crude 
Culture of this last organism.) 


Thus the remarkable situation exists that materials such 
as selenium compounds, arsenites and carbon monoxide 
which are very poisonous to higher organisms may be as 
essential to certain simpler forms of life as a supply of 
protein is to an animal. In their absence there is no power 
to run the living machinery. Many poisons owe their 
activity to a selective interference with some vital stage in 
the complex of highly interdependent chemical changes 
that occur in the living organism. Many different mechan- 
isms may be employed, and what is an essential stage in 
one creature may be absent in another, so widely different 
susceptibilities to specific poisons are possible. Carbon 
monoxide, for instance, inactivates haemoglobin, the red 
pigment in blood, and this substance is therefore highly 
toxic to animals which rely on this respiratory pigment; an 
organism devoid of haemoglobin may be almost immune 
to poisoning by carbon monoxide. 

Other micro-organisms cannot use carbon dioxide but 
require their carbon to be supplied in organic form, but 
their nutritional requirements may still be very simple. 
Often a single organic compound (to supply carbon and 
energy) and a few inorganic salts are all that is necessary. 
Many different compounds have been utilised for this 
purpose. For example, when gas-works liquors containing 
phenol are mixed with sewage, the phenol has been found 
to disappear after a few days, and a bacterium which is 
responsible has been isolated; this organism is found to 
thrive on a simple inorganic medium containing up to 
0:04°%% phenol or 0:1°, benzoic acid, although these 
materials are sufficiently toxic to most bacteria for the 
former to be used as a germicide and the latter as a food 
preservative. 

Insects, like bacteria, are very versatile in their feeding 
habits, and few plants or natural products—even those 
commonly regarded as poisonous—are immune from their 
ravages. Opium, belladonna, cayenne pepper and tobacco 
all have their insect pests, while at least a dozen species of 
beetles live on dried derris root, which in powder form is 
one of the most effective insecticides available to the 
farmer and gardener. These beetles are able to digest and 
destroy the active principle of derris, called rvtenone, 
and their frass is found to be devoid of any insecticidal 
property. 
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A Magnetic Clutch 


THERE are obvious engineering advantages in a fluid that 
can be transformed into a solid at the touch of a switch, 
and whose viscosity (resistance to flow) can be varied at 
will within wide limits. Such a fluid has recently been 
developed by workers at the U.S. National Bureau of 
Standards. It consists of a mixture of 90°, fine particles 
of iron (the kind known as carbonyl-E iron is found to be 
best) and 10°, light machine oil. Left to itself, the mixture 
behaves as a fluid, though one that does not flow readily; 
its appreciable viscosity has to be taken into account in 
applications. But when a magnetic field is applied to it, the 
iron particles tend to stick together, the viscosity increases, 


pal 
and if the field is sufficiently strong the fluid is virtually 
transformed into a solid. 


The first application of the fluid was to the construction 


an electro-magnetic clutch. In its simplest form this 
consists of two parallel iron discs, one giving and one 
receiving the drive, with the magnetic fluid between them, 


il of wire (set in the driving disc or surround- 
ing the whole clutch) to which a current may be applied. 
When there is no current, then no torque is transmitted 
from one disc to the other. But when a current is passed 
through the coil, the iron particles become magnetised and 
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so tend to stick to one another and to the plates, so that 
drive is transmitted from one plate to the other. The 
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greater the current, the more firmly do the particles stick 
together, so that by varying the current a clutch action 1s 


It 1s that the clutch gives extremely smooth 
action. since all the rubbing surfaces—both at the plates 
nd between the particles—are constantly coated with the 
lubricating oil. Control] is easy and the response is com- 
pleted in one-thirtieth of a second or less. There 1s very 
ittle wear, and what there is hardly matters, since the 
articles worn off simply join those in the fluid. In addition 
there is none of the chatter that is often troublesome in a 
friction clutch. In an experimental model, a clutch 6 tn. 
in diameter transmitted 40 horse power at 3000 revolutions 
per minute, using only 5 watts of power to energise the 


Ihe clutch appears to be capable of development for use 
in cars. Since it is electrically controlled, one imagines that 
it might be possible to design a clutch that would respond 

tomatically to signals sent out by detectors of speed, 
throttie-setting and load. The most important applications 
of the electro-magnetic clutch, however, are expected to be 


servo-mechanisms, where its quick response, smooth 


action and simple contro! would be especially valuable. 

Inde t was for such purposes that this work was origin- 

yndertaken, since it formed part of a programme of 

re rch o omnputing chanisms which the National 

Bureau of Standards was carrying out on behalf of the 
('S Army 
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emote control. A common form of shock absorber con- 
sists of a piston and cylinder enclosing a viscous fluid. The 
fluid can escape only through a small hole; it therefore puts 
up a resistance to any sudden shock applied to the piston 
and so smooths out the shocks. The exact properties of the 
shock absorber depend on the degree of resistance which 
the fluid opposes to the piston, and in the ordinary form 
this is adjusted to requirement by altering the size of the 
escape hole—a method that is not easily adaptable to 
quick, or automatic, or remote control. If, however, the 
magnetic fluid is used and the shock absorber is surrounded 
by a coil, then currents in the coil can be used to vary the 
viscosity of the fluid and to adjust the shock absorber as 
required. In the case of cars we have, therefore, the poszi- 
bility of a shock absorber which can be adjusted by a knob 
on the dashboard to meet varying road and load conditions 
and, if need be, which will automatically adjust itself. 


REFERENCES 


Transactions of the American Institute of Electrical Engineers, 67, 
1948, Vol. I, pp. 1308-15. 
Electrical Engineering, December, 1948, p. 1167; July, 1949, p. 620. 


Insect Thermometers 


‘“‘T WONDER if it’s cool enough for a jacket?” queried the 
young lady at an evening garden party. Mr. Cleve Hallen- 
beck looked at his watch for a few seconds—a watch that 
contained no secret thermometer or other unusual addition 
—and informed her that the temperature was 72° Fahren- 
heit. Actually he had listened to a cricket chirping ina 
nearby shrubbery, found that in 14 seconds it chirped 
26 times, added 46 to that latter figure 26 to get a tempera- 
ture of 72°. 

Insects, like all cold-blooded animals, are very sensitive 
to temperature, and in the case of one particular species of 
cricket the rate of chirping follows the temperature so 
accurately that it can be used as a thermometer. As this 
species gives such an excellent thermometric performance 
it is known as the Temperature Cricket; it is also called 
the Snowy Tree Cricket, and its scientific name is Oecan- 
thus niveus. With the Temperature Cricket the number of 
its chirps in 14 seconds added to 42 gives the temperature; 
with the Black Field Cricket (Gryllus assimilis) you get the 
temperature by adding 40 instead of 42. 

But Mr. Hallenbeck found that the best results could be 
obtained from a cricket which he has not been able to 
identify except that he can recognise its voice—and which 
he calls Mr. X. This is the insect involved in the incident 
related in our opening paragraph. So accurate is this 
insect thermometer that in a two-hour test in which the 
temperature fell from 77° to 71°, executing several oscilla- 
tions on the way, the difference between the temperature 
indicated by the cricket and that given by an accurate 
thermometer was never more than a quarter of a degree. 

Another insect which is said to be an equally reliable 
thermometer is the green tree-dwelling cousin of the 
enickets (Prerophylla camellifolia), which the Americans 
call the Katydid in imitation of its curious call. If the 
temperature is above 77° this creature busily asserts that 
“Kay-tee did it’, stressing each syllable. Between 74° and 
J6° it drops the accent on the last syllable and so con 
tradicts its previous remark with “Kay-tee didn’t’, About 
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(4bove).—This radar apparatus was designed by the Tele- 

communications Research Establishment to give pilots warning 

of storm clouds. It works on a wavelength of 3-2 centimetres 

and indicates the position of heavy rain clouds up to a range of 

iles. Development and production were carried out by 
E. K. Cole, Ltd. 

(Right)—Above, a cumulo-nimbus cloud. Below, the echo 


from the cloud as seen on the PPI screen. 
(Crown copyright reserved.) 
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70° the call becomes “‘Kay-tee did”: about 67 , “Kate 
didn’t”: about 65°, ““Kate did”; about 61°, ““Katy™: about 
38°, “Kate”; and below 56° the katydid is mute! 

Many other insects give indications of temperature to 
those who know their habits, though they seldom provide 
scales so well graduated as do the crickets. Honeybees 
below 57° gather into a compact mass and buzz hard to 
keep themselves warm. Below 50° they are almost vicious, 
above 85 almost amiable. Apart from the malaria-bearing 
mosquito (Anopheles), Mr. Hallenbeck has never seen an 
insect flying at a temperature below 50°. Noise-producing 
insects are mute below 40° (some even below 65°) and 
above 106°, 

A word of warning ts necessary. Mr. Hallenbeck’s 
observations, which are recorded in Natural History (1949, 
Vol. 58, pp. 256-9, 285-7), were made in the U.S.A. They 
do not necessarily apply to related insects in this country. 
There is a chance here for any research-minded reader to 
investigate the temperature behaviour of British insects. 
There can be few subjects for which so little apparatus is 
needed—a garden or field, a watch and a thermometer. 
Of course, there are some snags to be watched for: tor 
example, insects which live in open grass are difficult to 
deal with, since ordinary thermometer measurements in 
sfass are unreliable, especially in bright sunshine. Tree and 
dush insects make better subjects, but even here one must 
make sure that the thermometer is placed near enough to 
the insect to avoid the possibility of significant local 
‘alations of temperature. 


Radar Meteorology 


DURING the past decade the greatest advances in practical 
Netea . 
Aeteorology have been brought about by the application 


When microwave radar 
came into use in 1941 operators found that rain, snow, and 
clouds from which rain or snow were falling could give 


of radio, and especially radar. 


distinct radar echoes. Later on it was established both 
theoretically and experimentally that there is a simple 
relation between the intensity of the rain and the strength 
of the radar echo. It is now possible to detect rain belts 
approaching from more than 150 miles away and hence 
forecast to within a few minutes the time of arrival of rain 
at a given spot. In tropical regions this can be very valu- 
able, for short heavy showers of rain can make landing 
temporarily impossible, and airfield meteorologists have 
found it a blessing to be able to predict, for the benefit of 
aircraft waiting to land, the arrival and duration of such 
periods. 

Inside cumulo-nimbus clouds there are often convection 
currents so violent as to be very dangerous to aircraft. 
Luckily such clouds are usually associated with heavy 
precipitation, so that they can very easily be detected by 
radar (see illustrations). Apparatus tor this purpose may be 
urborne, and even in its present early stage of develop- 
ment it detects heavy rain clouds up to 40 miles away, thus 
giving the pilot ample warning of dangerous conditions. 

In a cloud which ts not precipitating, the drops are too 
small to give appreciable radar echoes. But light, as we 
all know, is retlected verv ethciently from them. A com- 
bination of optical methods with the pulse technique that 
characterises radar gives a method (which might be called 
‘optical radar’) of measuring the distances of clouds. By 
means of a spark gap, placed in a searchlight mirror, 
light pulses of less Chan one nucrosecond s duration are sent 
out. They are reflected trom the cloud, collected by 
another searchlight mirror which focuses them ona photo- 


electric cell. Phe current from this is used to make a ‘pip’ 
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on a cathode ray tube as in ordinary radar. The position of 
the pip gives the time for the light’s double journey to and 
from the cloud, and so gives the distance of the cloud. 
The practical application of this technique is to find the 
height of the cloud base over an aerodrome. This device 
has proved capable of dealing with clouds at 18,000 ft. 
even in broad daylight. 

One of the most interesting applications (at present in 
an experimental stage) of this combination of optical and 
radar methods is to the problem of estimating the density 
of the atmosphere at great heights. Standard radiosonde* 
methods enable the density to be measured up to heights of 
about 60,000 ft., but they are difficult to extend beyond 
that height. Rockets of the V2 type will give measurements 
up to 60 miles or more, but they are not suitable for fre- 
quent routine measurement. Optical radar, on the other 
hand, gives a method for measuring the density of the upper 

* A radiosonde is a balloon carrying meteorological instruments 


and signalling the instrument readings back to the ground by 
wireless. 


October, 1949 DISCOVERY 


atmosphere, using grounded apparatus only, and for doing 
so continuously if required. The principle is quite simple, 
As light passes through air a proportion of it is scattered, 
and hence some is reflected back towards the source. The 
amount so reflected depends in a simple way on the density 
of the air. An apparatus in principle like that already 
described for cloud base measurement but considerably 
different in practical construction is used to send pulses of 
light vertically upwards. This time there is no clear pulse 
reflection, since some light comes back from every altitude. 
The cathode ray tube thus shows a continuous curve, which 
is in effect a graph of the amount of light scattered against 
the altitude. And from this scattering data, the density at 
each height can easily be calculated. Regular day-to-day 
knowledge of the density of the upper atmosphere will 
probably be a valuable addition to the weather forecasters’ 
data. 

More details on this subject may be found in a paper 
contributed by Dr. F. E. Jones to the Journal of the Royal 
Aeronautical Society for May, 1949. 





The ‘Comet’ All-jet Airliner 


No civil aircraft since the war has been surrounded by 
so much secrecy as Britain’s latest—though it might really 
be called the first—all-jet airliner, the de Havilland 106 
‘Comet’. 

So it was no surprise that when this aeroplane emerged 
for its first public viewing at Hatfield it made front-page 
news. What was surprising, however, was the fact that it 
flew for the first time that very evening, only two days after 
leaving the assembly shed. A remarkable demonstration 
of the confidence that de Havilland’s had in their design! 

A lot of this country’s future commercial aviation hopes 
are staked on this remarkable aircraft, the world’s first 
designed from start to finish as a gas-turbine airliner. This 
explains de Havilland’s secrecy. The idea was to stop our 
commercial rivals in America knowing too much about it. 
And even now many of its details are not revealed. 

The prototype ‘Comet’ was finished within three years 
of the design being started, a remarkable thing in itself 
taking into account all the little-known factors of jet- 
propulsion involved in an aircraft of this size. But there 
was such faith in the project that orders for a fleet of 
sixteen were placed ‘off the drawing board’—two for the 
Ministry of Supply, fourteen for the airline corporations. 

It was on July 25 this year that the ‘Comet’ was ready 
for its initial tests. That day de Havilland’s chief test- 
pilot, Group Captain John Cunningham, D.S.O., D.F.C. 
tried the aircraft out along the runway, without leaving the 
ground. Next day was spent in testing the four powerful 
D.H. ‘Ghost’ gas-turbines. 

On July 27 air correspondents were allowed to see the 
‘Comet’—a_ beautiful-looking aeroplane—for the first 
time. That morning Group Captain Cunningham made 
two short hops, only a few feet off the ground. In the 
evening he took the ‘Comet’ up to 10,000 feet on a flight 
lasting just over half an hour. 


Gas-turbines have been fitted to the ‘Tudor’ and to the 
‘Viking’, but the ‘Comet’ is the first airliner to start life 
with this type of engine in which Great Britain has such an 
overwhelming world lead. American airline operators are 
interested in the aeroplane, and in a few years’ time we may 
see Americans buying such planes from Britain. One United 
States commentator, seeing the ‘Comet’ said: ‘It will be 
several years before America has a ’plane like this.” 
Nevertheless it will be some time before the ‘Comet’ goes 
inte service on BOAC’s Empire or Atlantic routes. Prob- 
ably about 18 months test and development flying has yet to 
be done before it is ready for commercial work. 

Though the new ’plane is so revolutionary it does not 
look it. Aerodynamically, it is a lovely, ‘clean’ aeroplane, 
with slightly swept-back wings and its engines set close into 
the wing roots. As Air Commodore Sir Frank Whittle, the 
jet pioneer who is now adviser to BOAC, remarked to me 
as we stood inspecting it, ““‘The ‘Comet’ is a very beautiful 
aeroplane and comes nearest to the target I have had in 
mind all the time.” 

The ‘Comet’ is intended for express services on the crunk 
Commonwealth routes, and cruising at about 500 m.p.h. 
at 40,000 feet (the height it must fly to achieve optimum 
economy) should cut the time between London and Sydney 
to about 36 hours. If it is used on the Atlantic route, it will 
probably fly from London to New York in little over six 
or seven hours, easily doing a round trip in a day. 

Its ‘Ghost’ engines, each giving a static thrust of 5000 Ib. 
have already been well tried out at great heights, for a 
‘Ghost’-engined ‘Vampire’ fighter, flown by Group Captain 
Cunningham, already holds the world’s altitude record at 
59,446 feet. The ‘Ghost’ was the first jet engine to be given 
official approval for public transport operation. 

With a crew of four, the ‘Comet’ will carry up to 36 
passengers according to the length of the stage. Probably 
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for transatlantic operation it would carry 20 passengers, 
thus fulfilling the ideas of those who regard a fast, frequent 
service with comparatively few passengers as being the 
economic ideal rather than infrequent services by such 
giants as the Brabazon with 100 or so passengers. 

The gas-turbines increase passenger comfort by eliminat- 
ing vibration found with piston engines, and in spite of the 
high-pitched whistle of the engines that is heard on the 
ground, I am assured that inside the ‘Comet’ little noise is 
heard. . 

A vast amount of work has been done in the high altitude 
chamber at Hatfield on pressurisation tests, and in actual 
Operation the air inside the ‘Comet’ will be changed every 
three minutes. 

With a moderate wing-loading, the world’s fastest air- 
liner is capable of flying slowly, and its landing speed 
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on its first flight. 


corresponds roughly to that of any other airliner of its 
Size. 

Airport control will need to be speeded up before such 
airliners are operating commercially, for, designed to fly 
at great altitudes, their fuel consumption goes up sharply 
if they have to fly low down as they might under present 
conditions while waiting to land. It can only be hoped that 
some of the valuable lessons learned in flying control during 
the Berlin airlift will soon be put into practice in civil 
aviation. 

For in the ‘Comet’ Britain has a potential ‘winner’ which 
must not be delayed by poor ground handling. As de 
Havilland’s themselves say: “In the ‘Comet’ there is hope 
of retrieving the leeway lost in the period when Britain 
concentrated upon combat aircraft.” 

5.%. 








Quarantine in a 


Changing World 





GEORGES DE BRANCION 


Division of Epidemiology, World Health Organisation 


THE need for health defence measures at land and water 
frontiers in order to protect populations against invasion 
by enemies such as cholera, plague and yellow fever was 
recognised as soon as the scientists of several centuries ago 
understood that each of these diseases had its clearly 
defined centre of origin and from there could, and fre- 
quently did, spread to other areas. 

Credit for having introduced the first planned measures 
of health defence, for having been, in other words, the 
originators of quarantine, must be given to the Republic of 
Venice, which in the Middle Ages, as a result of its naval 
power, held sway over the trade routes between Europe 
and the Middle and Far East, where plague and cholera 
were permanently present. Between the beginning of the 
tenth century and the year 1500, Venice was invaded sixty- 
five times by pestilences from the East. In 1403, meanwhile, 
it had established the first quarantine station. This idea 
was soon adopted by other great port cities of the western 
Mediterranean, such as Genoa and Marseilles, and served 
as a model for the whole of Europe. 

However, until the beginning of the nineteenth century, 
Sanitary measures applied in the different countries not 
only remained extremely primitive but also differed widely 
from one another. They were the responsibility of ‘Health 
Offices’ in the ports, which decided from case to case what 
measures should be carried out, what should be the limits 
of the restricted zone, and how long the quarantine should 
last. Decisions were quite arbitrary, and depended on the 
whims of local officials. The word ‘quarantine’ had already 
lost its original meaning. It no longer signified a fixed 
period of forty days of surveillance in a building or 
enclosure set aside for the purpose, but meant a more or 
ens extended period of isolation which might last as much 
as several months if, while a group of individuals was 


segregated, new cases of the disease occurred among them. 


Thus, although certain ports applied excessive measures of 


self-protection, others went to the opposite extreme and 
failed to take even the most elementary sanitary precautions. 
In 1845 the British Isles abolished this troublesome sys- 
tem of quarantine measures and, at the same time, intro- 
duced sanitary improvements in their ports. England’s 
example. 
international! solidarity and the rapid expansion of inter- 
national trade through the advent of steam navigation, 
ted the Government of France to call together at 
in 1851, the first international health conference. 
purpose of this conference was to work out an 
between the various countries concerning the 
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Vienna, Washington, Rome and, finally, at Venice. There 
for the first time a convention was approved by all the 
countries taking part in the conference. 

The cholera pandemic which occurred in 1893 led to the 
calling of a conference at Dresden. Further, the dangers to 
public health inherent in the Mecca Pilgrimage, for which 
each year Muslims from many different areas come 
together, were the subject of the Paris Conference of 1894, 
Three years later, in 1897, the uneasiness caused in Europe 
by the appearance of plague at Bombay motivated a new 
conference at Venice. 

Then came three large conferences at Paris in 1903, 1912 
and 1926. At these gatherings international sanitary con- 
ventions were set up. Each of them, by reason of the 
scientific and technical progress achieved during the first 
quarter of the twentieth century, represented an improve- 
ment in international health defence, making possible less 
stringent measures. The aim was that these conventions, 
while affording ample protection against the spread of 
disease, should effectively facilitate relations of all kinds 
between the continents and the countries of the world. 
These texts remained for nearly fifty years a veritable 
‘International Charter of Public Health’. 

A special convention on aerial navigation was signed in 
1933 at The Hague. Later, in 1944, two additional conven- 
tions, slightly altered versions of the 1926 and the 1933 
agreements, were signed at Washington. These two, like 
the ones which they modified, are still in force. 

An important disadvantage of these arrangements has 
always been the fact that they have the character of diplo- 
matic acts and thus require ratification by governments 
before they can enter into force. This has often given rise 
to considerable delay before measures agreed upon in a 
convention could be carried out by a given country. Such 
delays, harmful to the country itself, are at the same time 
detrimental to the interests of the other parties to the 
convention. Increasingly, therefore, the need was felt for 
working out some method better adapted to the exigences 
of modern life. 

In this field the creation of the World Health Organisa- 
tion marked a decisive step. From now on, it will be in- 
creasingly possible to do away with delays of the kind just 
mentioned. 

Under the terms of the W.H.O. constitution, signed at 
New York in 1946 and now ratified by sixty-four countries, 
the World Health Assembly, the supreme organ of the 
World Health Organisation, is empowered to adopt regula- 
tions concerning “sanitary and quarantine requirements 
and other procedures designed to prevent the international 
spread of disease”. These regulations, requiring for ap- 
proval a two-third’s majority vote in the Health Assembly, 
come into force automatically for all member countries 
after due notice has been given of their adoption by the 
Assembly. 
member countries which formally reject them and _ state 
their reasons tor doing so. 
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Fic. 1. 
pottery. 


-The potato provided motifs for much S. 
These two potato pots date back to about 200 «ap. 


The Potato in History 


American 





J. D. U. WARD 


BERTRAND RUSSELL Once wrote, apropos of the speed at 
which knowledge increases in Our time, that a modern 
scientist is unlikely to conserve the results of his work for 
many years for publication in a magnum opus, as in the 
days of Newton. In the realm of history, however, the 
older method can survive: though Dr. Redcliffe N. Salaman 
is known as a Fellow of the Royal Society and former 
Director of the Potato Virus Research Station, his great 
book belongs to the sphere of interpretative history rather 
than science.* The potato as a plant, and its development 
by man, are considered objectively but the assessment of 
the influence of the potato on man, which here receives 
much the more attention, provides an interesting contrast 
with his earlier Potato Varieties (Cambridge University 
Press, 1926). After the first of the book’s 685 pages Dr. 
Salaman is concerned chiefly with the potato in the British 
Isles, and the subject is treated spaciously. There are brief 
chapters on the potato in Tristan da Cunha and St. Helena, 
included because the potato has been of major importance 
0 these two very different islands with their contrasting 
types of human society. The potato in literature and the 
other arts is considered. Not even the Victorian use of hot 
potatoes as mutl-warmers 1s Overlooked. 

The remarkable potato pots of South America (whose 
ceramic art is among the finest in the world) tell us that the 
Potato was cultivated certainly as early as the second 
century A.pD., and probably many centuries before that. 
Some of the human faces on these pots have hare-lips, 


which are connected with the belief that hare-lipped people 
lave Special powers Over frosts—the great enemy of a crop 
grown at elevations of 6000 ft. and over. Frost is still a 
factor of the utmost importance, and native cultivators, 
growing potatoes at high altitudes between 3° north of the 
equator and 22° south, use varieties which withstand severa! 
degrees more frost than do our own. These frost-resistant 
potatoes, though similar to Ours in external characters, are 
adapted to a short-day environment, for they are indi- 
genous to latitudes where the hours of daylight are not 
more than twelve. Further, they are so insipid and tasteless 
that they are today reserved for the manufacture of 
chuno. 

Chuno is the age-old dehydrated form in which potatoes 
are stored, transported, bought and sold. To make cAuag, 
the Indians spread potatoes on the ground where the most 
Severe frosts (at other times their chief enemy but now their 
ally) are expected. When the walls of the potatoes’ cells 
have been broken by the trost, the chunto-makers trample 
the potatoes to express as much juice as possible. This 
process 1S repeated on tour or five consecutive days. Quick 
drying by the brilliant sun and dry mountain air during the 
day is as necessary as the sharp night frosts tor this method 
of dehydration, which cannot be used in our temperate, 
oceanic climate. 

* Redcliffe N. Salaman, M.D., F.R.S., The History and Social 
Influence of the Potato. With a chapter on Industrial Uses by 
W. G. Burton. Cambridge University Press, 0s. 
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The later use of chuno by the Spaniards for feeding slaves 
in the silver mines is mentioned, but it may (or may not) be 
a consolation that some of the people of the remote regions 
live today much as they did before either Inca or Spaniard 
intruded upon them: the same primitive methods of cultiva- 
tion, with the tacl/a or foot-plough, persist, and the people 
still alleviate the wretchedness of their existence by 
chewing coca leaves. 


The Origin of the Potato 


Scores of different varieties of the potato are grown in 
the high Andes, and many varieties of wild potatoes occur 
not only all around but also (as weeds) in the cultivated 
plots. In a fascinating but all too short chapter Dr. 
Salaman outlines questions about the relationship of the 
wild and cultivated potatoes of America to the varieties 
first introduced into Europe, and the modern work done 
on the subject. 

Briefly, the Russian scientists (formerly led by the luck- 
less Vavilov) think that Europe’s first potatoes were of the 
species Solanum tuberosum from Chilean regions, of about 
the latitude of Chiloe (43°), but most English authorities 
think that they were Solanum andigenum from Peru or 
Bolivia. The problem is closely interwoven with questions 
of the relation of tuberisation (development of the full 
weight of the crop) to length of day. The Russians point 
out that the more northern S. andigenum flourish best and 
produce a greater crop more quickly in a short-day environ- 
ment (as in near-equatorial habitats), while the European 
domestic potatoes produce their best crops in a long-day 
environment. This distinction is admitted to be in general 
well founded, though not absolute. A more thorough 
genetical analysis is required. In the meantime, there are 
good botanical and historical reasons for a contrary view— 
that our potatoes are derived from the short-day S. 
andigenum. For example: the first potatoes grown in 
Europe were not mature until November, which from the 
standpoint of photoperiodism suggests a short-day reaction: 
that is, they would not make their full crops in our long 
summer days. All potatoes taken from England to Basuto- 
land before 1845 have behaved similarly as short-day 
varieties. It would in the sixteenth century have been 
almost impossible to transport potatoes as viable tubers 
from Chile to Europe, and if anyone had taken the true 
flower seed, “it is almost certain that for some time at 
least this method of propagation would have been pursued 
as the normal one for growing crops, but of such practice 
there is no evidence’. There is further supporting evidence 
from Dr. J. G. Hawkes’ study of potato bolters, details of 
which may be found in Nature, vol. 157, p. 375, for 
bolting in the potato is held to be a reversion, by somatic 
mutation, to the original short-day type. 

Several of the American potatoes are diploids and tri- 
ploids (for example, the two frost-resistant species S. Ajan- 
huiri and S. Juzepczukii have 24 and 36 chromosomes 
respectively, and there are also species with 60 and 72 
chromosomes), but both S. andigenum and S. tuberosum 
are tetraploids (2n 48). The question of the origin of 
the 48-chromosome cultivated potatoes in the southerly 
latitudes of Chiloe remains open, but Dr. Salaman asserts 
his agreement with Dr. Hawkes that the potatoes were 
probably introduced by man _ long  before—possibly 
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thousands of years before—the Inca period. The high degree 
of uniformity in physiological an! associated morpho- 
logical characters may be explained as a result of selection 
for better crops under the longer days of latitudes 35 —45 
south. In another chapter the change of leaf type in modern 
(English) potatoes from that exhibited by early specimens 
preserved in Herbaria is held to be an inevitable result from 
eighteenth-century selections for better cropping and earlier 
varieties: a larger area of chlorophyll-containing leaf surface 
was needed, and that in its turn was ‘‘achieved by an enlarge- 
ment in the overall size of the leaf and more particularly by 
a widening of individual folioles, which leads to their over- 
lapping. Associated with this, a richer development of 
secondary folioles is common, which converts the ‘open’ 
leaf of the early immigrant potato plant into the ‘closed’ 
leaf exhibited by the majority of our present-day varieties”, 
(See Figs. 2 and 3.) 


Introduction into Britain 


The potato had been introduced into Spain by 1570. It 
may have been taken about 1586-8 to Ireland by Raleigh. 
German public opinion long ago gave the credit to Francis 
Drake (who certainly embarked potatoes as food in 1577), 
and the monument erected to Drake at Offenburg in 1853 
was cut with the date 1580. The first mention of the 
potato in print in England is in John Gerard’s Catalogue 
of 1596, and the second came the following year in his 
Herbal, where the potato receives a chapter to itself. Here 
occurs the most notorious of the errors which has be- 
devilled early potato ..istory. Gerard gave Virginia as their 
country of origin, and although this mistake was fully 
exposed a generation or two ago some of the fog persists. 
The fact that the roots of G/ycine apios, a staple food of 
native tribes from the Gulf of Mexico to the St. Lawrence, 
were called Indian potatoes or bog potatoes helped to 
cause confusion. In 1588 Harriott described these roots as 
‘a kind of root of round form and of the bignes of walnuts, 
some far greater, which are found in moist and marish 
grounds growing many together, one by another, in ropes 
or as they were fastened with a string. Being boiled or 
sodden they are very good meat.” 

The French name pomme de terre commemorates another 
early misunderstanding. In Europe the tuber of the com- 
mon cyclamen had for centuries been eaten, known in 
Holland as erdappel—earth apple. When the Jerusalem 
artichoke came to Holland, it had to share this name of 
erdappel, which in Burgundy was further extended to the 
potato, in the form of pomme de terre. There were other 
confusions elsewhere with the Jerusalem artichoke (some- 
times itself called the Canadian potato) and also with the 
truffle and (especially) with the sweet-potato, /pomoea 
hatatas, eaten by the wealthy as a candied sucket. Shake- 
spearean potato references are to this last, which was 
introduced into Spain long before any true So/anum potato. 
The sweet-potato had a great reputation as an aphrodisiac, 
and this reputation was transferred to the Solanum potato, 
and retained as long as it,was a scarce luxury food. Against 
the credit of that virtue was the grievous debit that the 
potato caused leprosy. There was also opposition to the 
potato on the ground that it was not mentioned in the 
Bible—and as late as 1774 such evils as scrofula, rickets 
and tuberculosis were attributed to the potato in Prussia, 
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Fic. 2.—-First picture of the potato in English litera- 
ture is this plate in Gerard’s Herbal, 1597. 


where hungry people rejected a load sent by Frederick the 
Great: ““The things have neither smell nor taste, not even 
the dogs will eat them, so what use are they to us?” 
England is seldom far behind in any nonsense competition, 
and a Lewes election of 1765 was brightened with the 
slogan ““No Potatoes, No Popery”’. 

Dr. Salaman gives more than 150 pages to Ireland, where 
the potato became the staple food of most of the people 
within half a century of its introduction—before it obtained 
more than the merest foothold elsewhere in the British 
Isles. Indeed, nearly two centuries had to pass before it 
had a comparable importance in England. The climate, 
the soils and the social territorial pattern of life in Ireland 
were all particularly favourable, and the potato’s arrival 
“coincided with that moment in Irish history when destruc- 
tion of the material basis of existence had reached its climax, 
and the amenities of life their nadir. The people, rich and 
poor alike, were in dire need of a foodstuff which would 
withstand the vagaries of nature and the malignity of man.”’ 

So much space is devoted to the malignity (and stupidity) 
of man that a reader may occasionally forget that this is a 
history of the potato. A great history, as opposed to a 
pocket primer or introduction, must give adequate atten- 
tion to the background of the subject, and this book is 
amply conceived: such matters as the social structure of the 
Inca empire, the history of herbals, John Gerard’s career, 
leprosy, the doctrine of signatures—all these and various 
Other details of background receive more than a brief 
sentence or two. But in the eight Irish chapters the wicked- 
ness of Englishmen (and of the English landowning and 
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Fi. 3 Leaib of a2 modern potato (of the variety 
‘Majestic }. Note the greatly increased area of leaf 
surface. 
ruling classes in particular) are set forth and castigated at 
a length which seems to at least one Englishman slightly 
out of proportion. The English record is, on balance, quite 
disgraceful, and not nearly enough of us English appreciate 
how disgraceful it is, but here are many paragraphs which 
will provoke sceptical readers to ask general questions (e.g. 
about the Catholic Church and its record of social better- 
ment, or the extremely modest efforts of the Irish to help 
themselves instead of blaming the English) which are 
probably not major currents in the mainstream of potato 
history. Other pages may reduce the less sceptical to a 
State of ‘punch-drunkenness’—insensitive and almost insen- 
sible. Dr. Salaman has perhaps anticipated and partially 
disarmed this criticism in his preface, where he declares 
doubt as to whether there is such a thing as a true interpre- 
tation of facts, divorced from the personality of its 
recorder—this soon after quotation of a statement that 
“Sympathy with wretchedness is the sign of a generous 
mind.’ But most men have not generous minds, and it ts 
perhaps better to ask for sixpenny worth of sympathy and 
get it than to ask for two shillings’ worth and be refused 
anything but an angry recollection of the other side of 

the case. 

In fact, the potato helped the Irish to be lazy, to marry 
young, and to raise more children. Dr. Salaman himself 
writes: 


“The more the potato fulfilled the requirements of the 
household, the sooner was endeavour damped down, and 
sloth and slovenliness exalted. As time went on, the 
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sequence——poverty, potatoes; larger families, more pota- 
toes, and greater poverty, became ever more firmly 
established, till nothing but revolution or catastrophe 
could break it. It is not too much to say that for close 
on 300 years the potato both stabilised and perpetuated 
the misery of the Irish masses.”’ 


When the ravages of small-pox were stopped by inocula- 
tion, the population increased rapidly, so that by 1845-6 
it was nearly nine millions. Then the ghastly potato famine, 
caused by ‘blight’, exposed the weakness of the country’s 
economy, based mainly on this one food. The earlier 
failures of the potato crop on a smaller scale might have 
sufficed to warn a moderately intelligent people of the peril 
in which they lived: so recently as 1839 an official relief 
worker had commented on the shortcomings of a “‘species 
of food which in a year of plenty cannot be stored up for 
the next, which may be one of scarcity’. In 1845 most of 
the potato crop outside Ulster was destroyed, and in 1846 
the whole crop in all four provinces failed. Starvation and 
typhus and dead bodies were everywhere. A million or 
more people died; and dysentery and cholera claimed 
another 50,000 in 1847-8. Emigration figures rose sharply 
from 61,242 in 1845 to 249,721 in 1851, and Dr. Salaman 
comments that vast numbers of these emigrants (who could 
never have been born but for the potato) carried with them 
from Ireland a deep anger and bitter hatred of England, 
whose influence may be seen to this day throughout the 
United States. 

The first mention of the potato in Scotland was in 1683. 
In the Highlands, where there seem to have been no 
potatoes (save perhaps in Skye) until after 1765, the new 
food helped to break down the prejudice against pig- 
keeping, but its influence was probably on balance bad 
because of the feudal social structure. In the Lowlands, 
the introduction of the potato was almost wholly beneficial, 
and led to notable improvements in agricultural techniques, 
for here the potato commonly took the place of the turnip 
in the new (Norfolk) rotation. To Wales the potato had 
come from Ireland by 1665; it fitted well into the Welsh 
peasant economy, and later into the changes caused by 
industrial development. 


The Potato and Poverty 


In a few parts of England (and most especially in Lanca- 
shire) the potato became common between 1650 and 1675. 
In 1662 the Royal Society had considered it to be economi- 
cally important and a protection against famine. But 
Evelyn’s references are depreciatory, and in the Midlands 
the open field system with its communal methods of hus- 
bandry long delayed the spread of the potato. At the 
beginning of the eighteenth century the potato was still 
little known, save in Lancashire, in such ‘enclosed’ counties 
as Shropshire and in Essex. Gilbert White began growing 
potatoes at Selborne in 1758 and had much difficulty in 
persuading the village labourers to follow his example; in 
Norfolk, William Coke later had similar discouragements 
—though eventually his tenants conceded of the new crop 
that “perhaps it wouldn’t poison the pigs’. After his Irish 
visit of 1776 Arthur Young had changed his opinion of the 
potential value of potatoes as human food. The potato 
was eventually ‘established’ as a major food crop throughout 
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England by the subnormal wheat harvests of 1792-5, 
when high prices forced many labourers to accept potatoes 
instead of the wheat loaf as the staff of life. 

This book presents a mass of documented information 
about this and the subsequent period, when the doctrines 
of Adam Smith, Malthus and Ricardo were interpreted or 
misinterpreted in their harshest sense. The potato was 
“the root of misery”, which enabled landowners and 
farmers to reduce the hired workers’ standard of living, 
since ““wages, in the absence of any protective mechanism, 
were determined by the labourer’s cost of subsistence”’, 
The dual role of the potato, as a possible enrichment of 
life and as a possible weapon of class exploitation, is 
stressed time and again but this duality is, in fact, not a 
peculiarity: most great forces (e.g. gunpowder, drugs, the 
internal combustion engine, atomic energy) can and have 
made for greater happiness or greater misery according to 
the manner in which they have been used. 

The potato played a part in the degradation of the 
commons of England to abject, serf-like labourers, but 
here (as in the Irish chapters) the author’s treatment of his 
subject is that of a generous social reformer with a Left or 
anti-ruling-class tendency rather than that of a dispas- 
sionate historian. When this book is used a generation or 
two hence (as it certainly will be) the scornful pillory of 
inverted commas provided for some eighteenth-century 
terms may seem as quaint as the attribution of potato 
diseases to Divine wrath seems now to Dr. Salaman—who 
once or twice feels that he must apologise for admitting 
that the condition of the workers at a previous period was 
not as bad as it might have been. Incidentally, the em- 
ployers’ selfish and avaricious policy of using the potato to 
force the labourers off their wheat-bread standard was not 
(as luck would have it) wholly bad from a nutritional point 
of view: there is in the short Tristan da Cunha chapter an 
interesting correlation between the decay of teeth and the 
increased consumption of wheaten flour and decreased 
consumption of potatoes. 

Today, only new potatoes rank as an important source 
of vitamin C, but the potato is held to have been of signi- 
ficant benefit in ages when scurvy was endemic, and the 
reappearance of scurvy in the potato-famine years of the 
forties, and again in 1916, can hardly have been accidental. 
In the chapter on the industrial uses of the potato (contri- 
buted by W. G. Burton) there are interesting figures for the 
proportions of vitamin C retained by different forms of 
preserved potatoes—the prices of which are likely to restrict 
their present-day use. Though the potato in temperate 
climates yields more starch per acre than any other crop 
(the starch content of varieties such as ‘Industrie’ produced 
in Germany in response to commercial demands for starch 
is as high as 25-40% of total weight), and potato starch 
is particularly good for certain purposes, it is on the whole 
uneconomic. The potato’s high potential value as a source 
of alcohol is apparently little exploited save in Russia: 
indeed, the practical industrial uses of the potato are far 
less than might be expected. But the various techniques 
for preserving potatoes for human consumption partly 
remove the old reproach of “‘that species of food which in 
a year of plenty cannot be stored up for the next, which 
may be one of scarcity’. The chief interest in the chapter 
on the implements of production is also negative for it 
reveals how recent and modest are the mechanical planters, 
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ploughs, diggers, harvesters and sorters inspired by the 
potato—which on a conservative estimate will feed four 
times as many people per acre as wheat. 


Pests and Diseases 


Potato diseases receive incidental attention in the general 
historical record, but they also occupy the greater part of 
Chapter X on Potato Varieties, which contains information 
of general or popular interest on potato breeding. (William 
Paterson of Dundee, 1810-70, eager to combat ‘degenera- 
tion’, obtained breeding stocks from the Cape of Good 
Hope, America, Australia and England. He lost £7000, 
but did much for potato-growing, especially by the produc- 
tion in 1863 of the famous ‘Victoria’. During the potato 
boom of 1902-3, when bad crops combined with credulity 
about the achievements of breeders provided the back- 
ground for fantastic speculation, three pounds of ‘seed’ 
potatoes were sold in advance for £160, and a single tuber 
was exchanged for its weight in gold.) The blight, which 
caused the major disaster in the eighteen-forties, was 
correctly attributed by Rev. M. J. Berkeley to a fungus, 
and we now know that this fungus, Phytophthora infestans, 
came from America. The great importance of blight- 
resistant varieties is discussed, and Dr. Salaman recalls 
that it was because of a confusion of labels on tubers 
of Solanum edinense at Kew, in 1906, that he stumbled 
on the fact that genuine resistance to blight does exist. 
The story of the breeding of resistant hybrids, some 
of them with the aid of S. edinense and others with the 
aid of S. demissum (a wild potato collected specially in 
Mexico) is set forth in a few pages which seem very concise 
and even a trifle meagre beside the sociological sections. 
Dr. Salaman writes of this as “‘the first decisive stage in 
the fight against a disease which, between 1845 and 1939, 
has cost the United Kingdom about five million pounds 
per annum’’. Blight is still with us, and “Only patient 
and unflagging work on scientific lines, such as that 
being pursued by Black and Cockerham on the genetics 
of blight resistance, is likely to give us the answer we 
seek.” 

The same chapter contains a three-page account of the 
victory won against the wart disease caused by Synchytrium 
endobioticum and six or seven pages on the virus infections 
known earlier as ‘curl’. Work in America, Holland, Cam- 
bridge and Dublin revealed that ‘curl’ was an umbrella 
term covering at least three distinct virus infections spread 
by greenfly, and one other that is conveyed from leaf to 
leaf by contact. Both the Leaf Roll and Y viruses of the 
potato, which are the two most common and most crippling 
of the degenerative ‘curl’ diseases, are spread by greenfly. 
The greenfly discoveries explained the fact, formerly known 
empirically, that potato seed-tubers derived from highland 
moors were usually healthier than those grown in sheltered 
parts of England, for greenfly is discouraged both by high 
winds and by high rainfall: the greenfly will not move from 
the plant on which it is feeding if the wind is stronger than 
8 m.p.h., nor if humidity is high, and a heavy fall of rain 
will often destroy more or less completely whole colonies 


of the fly. 
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The Colorado beetle and eelworm receive barely three 
pages between them. It is noted that, if other measures 
against the beetle fail, potato plants distasteful to the pest 
might be bred with the aid of the wild species Solanum 
acaule; and that a hopeful line of research against eelworm 
has been opened by impregnating the soil with very small 
quantities of mustard oil, which neutralises the potato 
stimulant and thus prevents the hatching out of the worms. 

Dr. Salaman sums up his vast and impressive survey, 
which ranges from the use of the potato in the high Andes 
more than 2000 years ago to its value in the Second World 
War, in a brief epilogue where he notes again that “‘The 
potato can, and generally does, play a two-fold part: that 
of a nutritious food, and that of a weapon ready forged for 
the exploitation of a weaker group in a mixed society’’— 
and, once again, it is the latter aspect that seems to have 
impressed him most: the potato is less often a ‘hero 
subject’ than the nigger in the woodpile—the means by 
which man lived at higher and bleaker altitudes and in 
lower and more disgraceful levels of misery than would 
otherwise have been possible. The present writer, having 
fallen foul of some of Dr. Salaman’s sociological assess- 
ments, would note that they are in general likely to 
command more agreement than disagreement from the 
citizens of the contemporary welfare state. Nor is there 
any complaint that evidence on the other side has been 
suppressed: the story of the Palatinate settlers in Ireland 
(pp. 339-42) is set forth, and the contrast of their industry 
and high standards of life with those of the indigenous 
population is drawn, so that readers may if they wish make 
a different assessment of the blame for Ireland’s past misery 
—and reflect that even in Ireland the potato helped those 
who helped themselves. 

It would be difficult to exaggerate the richness and 
diversity of The History and Social Influence of the Potato 
from the really charming preface (in which we learn that 
the book took nine years to write, and that Dr. Salaman’s 
potato studies, begun because there was no hunting in 
summer, have extended over forty-three years) to the last 
sentences before the epilogue: 


““. . . reference should be made to the possibility of 
using the potato as an ornamental plant. The early 
European varieties bore abundant flowers and Rudbeck 
in 1658 described the potato as equally suitable for the 
flower border as the table. It will be remembered that in 
order to popularise the potato, Louis XVI accepted a 
bouquet of potato blooms from Parmentier, and Marie 
Antoinette wore one in her hair. In my genetic cultures 
I have frequently raised varieties which by the abundance 
and beauty of their flowers should have pleased the most 
eclectic of gardeners.”’ 


The dipper-at-random may find himself reading about the 
influence of potatoes on the growth of allotments, or 
learning that “‘the sixteenth-century English gardener knew 
nothing of the vegetative propagation of vegetables’’, or 
that the cutting of potatoes into several pieces before 
sowing (a practice for which the charlatan Lysenko has 
been claiming credit within the present decade) was 
recommended by one writer in 1669 and by another in 1704, 








The Schmidt Camera 





DAVID S. EVANS, M.A., Ph.D., F.Inst.P. 


IN accounts of the new 200-in. telescope recently brought 
into operation on Mount Palomar, references have been 
frequently made to an auxiliary instrument, the large 
Schmidt camera which is designed to act as a scouting 
instrument for the larger telescope. Many readers of 
DiscoOvERY have asked how this instrument works, and 
this article is designed to answer that question. 

The principle of the Schmidt camera may be understood 
best by going right back to the invention of the reflecting 
telescope by Sir Isaac Newton. Newton believed, errone- 
ously, that it was impossible to make an achromatic lens, 
that is, a lens which will bring to the same focus, or to very 
nearly the same focus, light rays of all colours. He therefore 
turned his attention to telescopes depending on the use of 
mirrors and developed the form of reflecting telescope now 
named after him. To act as the light-collecting and concen- 
trating unit of a telescope a mirror must be curved, and 
the simplest form of such a mirror is one in which the front 
reflecting surface is concave and spherical in shape. This 
form is illustrated in Fig. 1. An incoming parallel beam of 
light bounces back off the reflecting surface in the form of 
a converging beam which comes to a focus at a point ata 
distance from the mirror surface half that of the centre of 
curvature of the mirror. Thus, if the mirror surface forms 
part of a sphere, say, 60 in. in radius, this focus will lie at 
30 in. from the mirror. A spherical mirror thus acts as a 
collector and concentrator of light, and will feed into the 
image of a star all the light (apart from that lost in reflection 
at the mirror surface) collected on an area equal to that of 
the mirror. 

The image produced by a spherical mirror is, however, 
far from perfect. If we look at the converging beam of 
reflected rays with a more critical eye we see that these rays 
do not pass through a single point, but each reflected ray 
cuts the axis of the mirror at a different point. Those 
incident on the mirror near its periphery cut the axis nearer 
the mirror, and all the rays define a curve called a caustic 
(technically this is the envelope of all the reflected rays), 
which is shown in Fig. 2. This type of refleotion is often 
seen in ordinary life, a good example being the pattern of 
light reflected from a teacup, the paths of the rays being 
made visible by the semi-opaque fluid. This defect exhibited 
by a spherical mirror is called spherical aberration. It can 
be eliminated by correcting or figuring the mirror surface 
to a new shape which brings all the reflected rays to a focus 
at the same point. This new shape is a paraboloid: the 
mirror is symmetrical and every section through the mirror 
axis is a parabola, a curve which possesses the property that 
every ray parallel to the axis of the curve will, on reflection, 
pass through a definite point focus lying on the axis of the 
mirror. This situation is shown in Fig. 3, and, fundamen- 
tally, this is the optical diagram of practically all the large 
reflecting telescopes of modern times. An image of what 
lies in front of the telescope is formed in a plane at right 
angles to the axis and a photographic plate placed there 
will give a photograph of that part of the sky to which the 
telescope is pointed. The placing of the photographic plate 
in this position cuts out part of the incoming beam, but in 


large telescopes the proportion of light so lost is small 
enough to be negligible. In the 200-in. telescope on Mount 
Palomar even the proportionate loss incurred in putting in 
a cage large enough to support the observer inside the tube 
is small enough to be tolerable. In other telescopes, such 
as the 82-in. reflector of the Macdonald Observatory in 
Texas, a plate-carrying arrangement can be put in this 
position. In other instruments an inclined plane mirror is 
put in the tube which brings the focus out to a convenient 
position at the side of the tube. This last arrangement is 
the classical Newtonian form of reflecting telescope, and 
is used on all small reflectors where the loss due to obstruc- 
tion of the incoming beam would be much greater than the 
loss incurred in reflecting the beam a second time. 

The reflector with a parabolic mirror is achromatic and 
free from spherical aberration, and for images formed on 
the axis of the mirror its performance is perfect. Now let 
us consider the sort of performance we can expect from an 
instrument of this type. First let us imagine instruments of 
the same type but of different dimensions all pointed 
exactly at the same star. Suppose one instrument has a 
mirror 12 in. in diameter and another has a mirror 24 in. 
in diameter. Then the second instrument will be collecting 
light on an area four times as great as the first, and assum- 
ing the same proportionate reflection losses in each case, 
the latter will pack four times as much light into the star 
image as the former does. That is to say, we shall be able 
to see objects which are four times as faint, using the second 
telescope, as we can with the first. In designing such an 
instrument we must, therefore, make the mirror diameter 
as large as we can in order to see faint star images. 

Now let us consider a number of instruments all of the 
Same diameter, say, 12 in., but having different focal 
lengths, say, 60 in. and 120 in. respectively. These two 
instruments are said to have focal ratios (a ratio of focal 
length to diameter) of 5 and 10 respectively, and are 
described as f/5 and f/10 instruments. It can easily be 
shown that the size of the image is proportional to the focal 
length so that the latter instrument will produce a photo- 
graph of a piece of sky on a scale twice that of the former. 
If now we have to deal with extended objects, such as 
nebulae, the available light, which is the same in our two 
hypothetical telescopes, will, in the second case, be spread 
Over an area of plate four times as great in the second case 
as in the first. That is to say, the long focus telescope is less 
efficient as a photographer of faint extended objects than 
the first. It is true of course that the image in the first 
case will be smaller, but provided that the details in which 
we are interested are not so small that the resolution of the 
photographic plate fails to portray them accurately, then 
we Can get at them much better by examining the developed 
photograph under a microscope than by making the image 
which we photograph of a large scale. The upshot of this 
discussion is that for efficiency in design of a telescope which 
is to be used both for picking up faint stars and faint 
extended objects we must keep the aperture of the instru- 
ment large and the focus as short as we can. 

The trend is thus towards mirrors of large diameter and 
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Fic. 1.—Reflection from a spherical mirror. The focus 
F is midway between the centre of curvature C and the 
mirror. 
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Fic. 2.-—-Reflecuion at a spherical mirror. The reflected 
rays do not come te an exact tecus. Pn the diagram they 
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short focal length. This, however, involves the figuring of 
mirrors with deeper and deeper curves. To produce an 
accurate spherical mirror of large diameter and short 
curvature is difficult, but to go on and to figure the surface 
toa parabolic shape is a task of very much greater difficulty. 

These are general considerations of telescope design 
which must be understood before the advantages of the 
Schmidt camera are appreciated. There remains yet one 
more topic which we must consider before we can turn to 
the Schmidt camera itself. We have, so far, in discussing 
the Newtonian telescope, been concerned only with rays 
entering the instrument along the axis. Now let us consider 
rays which enter the instrument at an angle to the axis. Or, 
to put it another way, what we have been doing is to look 
at the centre of the photograph of an area of sky, and to 
consider the quality of the images there. Now let us turn 
our attention to the edges of the picture. We immediately 
become conscious that there are other errors of image 
formation to be considered, and we realise that the 
characteristics of these errors of image formation are such 
that they get rapidly worse as we transfer our attention 
away from the centre of the plate towards its edges. 

The most obvious error is that called coma. At the edge 
of the plate each star has an image which is not round, but 
looks like a little comet with the head pointing in towards 
the centre of the field (Fig. 4). This is due to the fact that 
different zones of the mirror reflect starlight which is 
coming in at an angle to the axis of the telescope, in such a 
Way as to produce a series of images of different sizes and 
Positions on the plate, extending outwards in a direction 
away from the plate centre. It is a defect which, in a 
teflector of a given diameter, gets worse as the focal ratio 
is reduced. Thus as far as coma is concerned, and this is 
Perhaps easily the worst image-formation defect in the 





P 


Fic. 3.—A parabolic mirror incorporated into a Newtonian telescope. The focus ts exect. The 
rellected rays are turned by the secondary mirror S to the plate P. Tie tube length ts about half 
the radius of curvature of the mirror. 


classical Newtonian reflector. the situation is worsened as 
we try 10 increase the mirror diameter and ic maintain or 
imvrove the focal ratio. There are other defects which we 
may mention in passing, all of which worsen as rays 
coming in at greater and greater angles to the axis of the 
instrument are considered. These include (1) astigmatism 
—the refiection of a bundle of rays, not to a point, but in 
such a way that when the rays are caught ona piece of white 
card they show the sequence of forms illustrated in Fig. 5 
as the card is moved along the bundle; (2) distortion—the 
formation of an image of a shape which is not a true 
representation of the oblect; and (3) the formation of the 
image not in a plane, but on some curved surface; this last 
is described as curvature of the field. 

The net effect is sharply to limit the angular field of a 
Newtonian telescope. Just how limited the field may be 
can be rather surprising. The Radcliffe telescope at Pretoria 
probably has a usable field about 2 in. in diameter, corre- 
sponding to stars seen at an angle of less than a sixth of a 
degree from the axis, and coma is detectable at smaller 
distances from the plate centre. The field of the 200-in. 
telescope has been described as no more than the apparent 
size of a pin’s head held at arm's length. This means that 
to employ a large reflector usefully one must know that the 
area of sky to be examined is of interest. To map all the 
available sky and to pick Out objects of special interest 
from the results would be inordinately time-consuming. 
The large reflector needs a scout with a wide field and 
excellent optical properties to survey the ground and mark 
down objects to which the larger instrument’s superior 
analysing powers may be applied. 

We may approach the system of the Schmidt camera in 
the following way. Consider a spherical mirror with a 
diaphragm limiting its aperture which ts placed at the centre 








(Above)—The Palomar Schmidt, ‘scout’ for the 200-in. 

telescope, has a 72-in. mirror and 48-in. correcting plate. The 

Palomar astronomers are using it to compile a sky atlas that 
will take four years to complete. 


(Right)—This diagram, from the author's book. Frontiers of 


Astronomy, brings out the purpose for which the Schmidt 

camera was devised. The human eye has 2 wide field of 

vision: the ordinary telescope magnifies. but restricts the field: 

the Schmidt camera gives a wide field with high resolution, 

SO photographs taken with it can be greatly magnified. 
(Courtesy, Sigma Books.) 
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of curvature (Fig. 6). Any bundle of rays passing through 
this aperture and striking the mirror does so normally. 
The spherical mirror has no axis: it has, of course, an edge 
and a symmetrical perpendicular but this is not a true axis 
in the sense that the surface of which the mirror forms a 
part is symmetrical about this line only. In the optical 
sense there is NO axis, because each incoming bundle of m 








rays strikes the mirror normally and is brought to an Poe 
approximate focus in the manner discussed above. Spheri- @3 
cal aberration exists, and the points of approximate focus =" 


lie on a sphere of half the radius of the mirror, i.e. the field 
is not flat. On the other hand, all other errors which 
increase with distance from the axis in a Newtonian tele- 
scope are absent, and the angular field is very large— 
amounting perhaps to many degrees. In addition, because 
of the relative ease of figuring a spherical mirror, focal 
ratios much less than the normal limit of about f,5 for a 
parabolic mirror may be attained. 














The problem aS. Can the spherical aberration be removed Fic. 4.--Coma in a Newtonian telescope. The image at 
without introducing the errors which limit the performance the plate centre is round. Near the edges the images 
of the Newtonian telescope? The Newtonian solution iS, in show coma. 1] he effect ts much exaggerated. 


effect, to figure corrections on the surface of the mirror. 
The solution proposed in 1930 by Bernhard Schmidt, an 

associate of the Hamburg Observatory, was to figure the Ea () QO | 0002 —C) C ) (:) 
necessary corrections for the elimination of spherical aber- 

ration on a plate placed at the centre of curvature of the 

mirror. One may regard this plate as a very weak lens. Its Fic. 5.—An astigmatic cone of rays intersected at a 

effect is to eliminate the spherical aberration without intro- series of se ciel gang pons one of least con- 
ducing sensible amounts of other errors. It leaves the field iad ec heilihot mts 

curved, and photographs have to be taken on a film pressed 
on to a former of the correct radius mounted in the centre 
of the tube. The angular field is very large; in some 
instruments it is sufficient to enable a photograph of the 
whole Orion constellation, for example, to be taken on one 
film. The focal ratio even for large instruments can be 
kept down and the speed is very high indeed. There is, of 
course, a disadvantage in that the tube of the instrument 
must be very rigidly constructed so as to maintain the 
location of the correcting plate, and in addition the tube 
must be twice as long as that of the Newtonian telescope 
of the same focal length (Fig. 7). 

Schmidt’s system, the full value of which he did not live 
to see, has been applied in the form in which he proposed 
it, to the design and construction of many instruments, of 
which the Palomar Schmidt, with a correcting plate of 
48 in. diameter. a mirror of 72 in. diameter and a focal FIG. 6.—A spherical mirror with a diaphragm at its centre 
tatio of 2-5 is the largest. This instrument has a field eats page vineyer a — oe 
Measuring 6° x 6°, thousands of times greater than that ag : 
of the 200-in. telescope. 
= Schmidt’s ideas have proved extremely fruitful, and in 

“ges recent years much work has been done on the design of 

very short focus combinations of mirrors and correcting 
| plates, notably by Baker and Hendrix (the maker of the ae ? re 
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Palomar Schmidt) in America, and by Burch and Linfoot ic F 
in England, and Maksutov in Russia. It is impossible to 
describe these variants in detail, but the aims which these 
workers have had in mind have been the following: to 
simplify construction of very fast cameras by reducing the 
number of non-spherica! surfaces which have to be figured 


Ba the original Schmidt the chief problem Is to figure the FIG. 7.—The Schmidt camera. The correcting plate is at 
aspherical correcting plate; to flatten the field; to reduce C and reflected rays are focused on a curved film at F. 
the length of the tube, and to keep up the quality of A Newtonian telescope of the same focus would extend 


image formation. only as far as F. 











Death to the Clothes Moth | 





R. W. MONCRIEFF, B.Sc., F.R.I-C., FTI. 


MotTH damage was one of the afflictions with which Job 
was familiar; he laments: 

Though I am like a rotten thing that consumeth 

Like a garment that is moth-eaten. 


Possibly the clothes moth antedated Man and doubtless 
had a very precarious existence, being dependent on such 
cadavers as it could find as sites for oviposition and 
subsequent nourishment of the larvae. It was only when 
Man began to use wool and other hair fibres that the moth 
found itself in a land of plenty. The shorn wool provided 
an almost inexhaustible food supply; the clothes moth 
learnt—and this was not easy—to like it and multiplied 
prodigiously. As Man climbed to civilisation, as he used 
more and more wool, the clothes moth was his ever- 
present fellow traveller. Perhaps it is surprising that we 
have endured his insufferable depredations for so long, 
but the truth is of course that like most insects he multiplies 
so rapidly that his extermination is a matter of no little 
difficulty. Only within the last few years have effective 
methods of controlling Tineola bisselliella (Comman 
Clothes Moth) been discovered. 

In an age that is notable for the introduction of such 
therapeutic agents as penicillin and the sulphonamides to 
destroy streptococci and staphylococci, of DDT and Gam- 
mexane to destroy insects, of Methoxone to destroy 
dicotyledonous weeds, of new anti-malarials and new 
antidotes of most kinds, it is not surprising that the 
organic chemist should have given some thought to that 
ancient pest, the clothes moth. 

His approach has had to be strategic, for it would clearly 
be impossible to scatter DDT or some similar insecticide 
over all the haunts of the clothes moth. The chemist has 
had the happy idea of attacking the insects’ food supply. 
He has found chemical agents which can be applied to 
wool during the dyeing and finishing processes that it 
normally undergoes, agents which not only make the 
wool toxic to moth larvae, but also make it so unpalatable 
to them, that in many cases the larvae will starve to death 
rather than eat the wool. 

At present, only some manufacturers mothproof their 
wool, but the practice is growing, and the demand for 
mothproofed wool is increasing, not only in the United 
Kingdom but also in other countries, notably in Scandin- 
avia, South America and the U.S.A. The fact that in this 
country the Board of Trade set up a working party ‘o 
consider mothproofing, particularly with respect to its 
social and economic implications, is an indication of the 
serious nature of the damage. All kinds of estimates have 
been made of the extent of the damage; Meckbach esti- 
mated the world’s total loss of wool due to moth grubs at 
1000 tons per year; the Better Fabrics League of America 
estimated the annual loss through moth damage to fabrics 
in the U.S.A. at 100 million dollars. Hartley, Elsworth 
and Barritt have calculated that given favourable condi- 
tions (warmth. humidity, adequate food supply and relative 
freedom from mites) the progeny from a single female moth 
could consume 100 Ib. of wool in 280 days. The damage 


done is clearly immense, but as the practice of mothproofing 
becomes more widely adopted the moth larvae will find 
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themselves faced with a meagre and dwindling supply of | 


food. 

Until fairly recently the demand for wool was so great 
that there was no difficulty in selling it; the market has 
changed and manufacturers will be induced additionally 
by this factor to increase the selling power of their products 
by marketing it as mothproof. The clothes moth may be 
forced to return to its original diet of corpses on whichit 
may be observed to feed in the wild. It never attacks wool 
growing on the sheep. 


The Habits of the Clothes Moth 


There are four stages in the life cycle of the clothes moth | 
—egg, larva, pupa and adult winged insect. The eggs from | 


one female moth number about 200, they hatch in 7 to 10 
days into small white grubs; these feed on the wool on which 
their mother instinctively laid the eggs. They grow 
rapidly as they devour the wool, usually for about 6 to 
8 weeks and then build a cocoon round themselves from 
wool and excrement, pupate for about 2 to 3 weeks and 
then emerge as adult moths. The moth wriggles its way 
out of its cocoon, and when it has escaped it rests, ex- 
hausted, with wings spread to dry until it gains strength. 
The adult moths have atrophied jaws—they never eat, 
their only function is that of reproduction. Usually they 
live for 2 to 3 weeks. Moths on the wing are usually males, 
the females, heavy with eggs, usually run to their hiding 
places. The larvae, and only the larvae, eat and damage 
wool. The life cycle on the figures just given is about 
3 to 4 months and this is a fair average, but it depends 
greatly on the conditions; if these are very favourable it 
may be as little as two months, if very unfavourable it 
may be four years. Mostly it depends on a good food 
supply and warmth; below 60°F. grubs lie dormant, and 
eggs can lie for months before they hatch. 


Clothes Moth’s Diet 


The use of wool as a foodstuff by moth larvae 1s of inter- 
est from two points of view: (1) its economic aspect and 
(2) the apparently unsuitable nature of the diet. Fibres do 
not ordinarily form part of a diet; even carnivorous 
animals and birds are unable to digest hairs that they 
swallow. Partly because of this interesting feature, and 
partly because a knowledge of an insect’s dietary require- 
ments provides a powerful weapon with which to attack 
it, Crowell and McKay investigated the subject at Cornell 
University. They found that fishmeal was an ideal diet for 
the clothes moth larvae and that casein was also good. 
If the larvae were given adequate amounts of fishmeal then 
under optimum conditions of temperature and humidity 
the life cycle was completed in 56 days, but was consider- 
ably longer on a diet of wool. The rather surprising 
finding emerged that vitamin B was essential to the meta- 
bolism of the larvae and that if they were deprived of it, 
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they never reached the adult stage. Vitamin A and fats 
were of no use to the larvae. When the grubs attack stained 
portions of clothing they are ‘searching’, not for fat as has 
hitherto been thought, but for vitamin B. Apparently 
wool normally contains vitamin B. One conclusion that 
was drawn from the nutritional experiments was that wool 
is by no means an ideal diet for moth larvae; they succeed 
much better on fishmeal, or casein or pea flour. It may be 
25,000 years since Man first used wool, but that is a short 
time biologically, and during it the clothes moth has not 
been able to accustom itself perfectly to its new diet— 
it succeeds better on a more easily digested protein. It is 
impossible to say definitely for how long Man has used wool, 
because the clothes moth and allied insects have devoured 
every scrap of it that was left in the tombs and temples of 
the ancients, a heinous crime from the archaeologist’s 
standpoint. Probably as supplies of shorn wool did become 
available, moths laid their eggs on it, most of the larvae as 
they hatched found the unaccustomed food insupportable 
and perished; a few, probably those with a slightly more 
alkaline intestinal secretion than that of their fellows, 
managed to make-do and survive on the diet. By a process 
of natural selection a race of moths appeared which could 
support life on wool. 

Today, when grubs are being reared for breeding 
purposes, they are usually fed on wool and fishmeal, but 
if the grubs are themselves intended for testing fabrics they 
are reared on wool and a little brewer's yeast to provide 
adequate supplies of vitamin B. If grubs are reared on 
fishmeal and then put on wool to test it, they usually die, 
apparently being unable to cope with the change of diet. 


Repellents 


A variety of repellents have long been used to counter 
the attack of moths. Camphor, naphthalene and p-di- 
chlorbenzene have been the most popular. When used in 
large quantities in a confined space (e.g. if pushed down 
the seats of easy-chairs), they are lethal to moths and pos- 
sibly lethal to grubs, but if used in the open (e.g. in cup- 
boards, wardrobes and drawers) they are certainly not 
lethal and if material has become infested they will do 
little or no good. It is, however, likely that they discourage 
moths from entering such places and provided that the 
females can find other more attractive places on which to 
lay their eggs, the repellents may be effective—they may 
keep the moths away. If, however, the material is already 
infested, the female moths, perhaps being unable to escape 
from the drawer or cupboard, lay their eggs on the fabrics 
despite the repellents and as the larvae hatch and grow 
they cause damage. 

An amusing list of materials that have at one time or 
another found favour as moth repellents, but which are 
in fact useless as such, has been given by Back; it includes 
slaked lime, powdered sulphur, salt, borax, sodium car- 
bonate, sodium bicarbonate, lead carbonate and lead oxide, 
extracts of tobacco, wormwood, lavender flowers, black 
pepper, allspice, arsenious acid, cayenne pepper, eucalyptus 
leaves, angelica root, quassia chips, pyrethrum stems, 
colocynth pulp and dried red-cedar leaves. 

Even the best of the repellents, the familiar p-dichlor- 
benzene is only a palliative. The only certain protection is 
to mothproof the fabric or garment. 
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An old wives’ tale ran to the effect that moths did not 
attack green fabrics; it was largely laughed to scorn. 
However, it transpired that it had an element of truth in it. 
Meckbach, working for the German Dye Trust, was at- 
tracted by the idea of finding dyestuffs that would be toxic 
to moth grubs; one outstanding advantage of such a dis- 
covery would be that dyeing and mothproofing could be 
carried out simultaneously and economically. He took a 
hundred pieces of fabric, each dyed with a different dyestuff 
and put them in a drawer with some moth-infested material. 
After a few months he examined them and found, doubtless 
to his considerable gratification, that although ninety-nine 
pieces of fabric were moth-eaten, one piece, that dyed with 
Martius Yellow, was undamaged. Martius Yellow was a 
frequent ingredient of dye recipes for greens, hence the 
old wives’ tale. But although Meckbach examined 
hundreds of other dyestuffs, subsequent to his initia! 
discovery made in 1917, he never found another so good 
as Martius Yellow. Nor have other later investigators had 
any great success along these lines, for although a few other 
dyewares, notably dinitro-ortho-cresol and Naphthol 
Yellow have some mothproofing effect they are no better 
than Martius Yellow, and no suitable reds and blues have 
been found. In any case, mothproofing with dyestuffs 
could only be really effective in dark shades; pastel shades 
would not contain sufficient of the toxic agent. 


Fluoride Moth-killers 


Bayer & Co. in 1921 made the outstanding discovery that 
fluorides were toxic to moth larvae, and since that time a 
great variety of fluorides and silicofluorides have been 
marketed and used as mothproofing agents. There is no 
doubt that fluorides are toxic to larvae and most of the 
fluoride preparations that have been used have conferred 
mothproofing properties on the fabrics to which they were 
applied, but they have generally suflered from the great dis- 
advantage that they washed out. It is no satisfactory proof 
for wool to apply a toxic agent which dissolves out of the 
wool on washing, because most woollen garments are 
washed repeatedly. The argument is sometimes put forward 
that such an agent will protect the material or garment 
until it reaches the stage of repeated wearing and washing 
and that once that stage is reached there is very little chance 
of infestation. The argument is unsound because garments 
are often put away for a season and during this period of 
storage they will be liable to attack. Reputable manufac- 
turers are prepared to market their goods as ‘mothproof’ 
only if they will remain so until the end of their life. For- 
tunately, methods are now available of permanent moth- 
proofing. The fluorides had their day—perhaps the two 
most successful were chromium fluoride and triethanol- 
amine silicofluoride; the former owed its residual slight 
proof after washing to the retention of the chromium as 
chromium sesquioxide formed by hydrolysis of the 
fluoride; chromium compounds are mothproofing agents, 
although not nearly so potent as fiuorides. 


Phosphonium Compounds 


The I.G. Farbenindustrie A.G. devoted their resources 
to the solution of the mothproofing problem; it is said that 
at one period they were using 10,000 larvae a day for their 














































1. Six species of British moths are destructive of clothing 
and fabric. The ohotograph shows the Common ( lothes 
Moth, most serious pest of them all and often simph 
called “The Clothes Moth’. The adult moth is !'-! in. 
in length: its colour is a metallic buff. 


about 3 in. 


Wing spread is 


2. The ivory white eggs are deposited between strands of 
wool in loose-textured fabrics: or on the surface of fine 


cloth. The egg is about one twenty-fourth of an inch long. 
3. The full-grown larva is about } in. long. 


4, Usually, but not invariably, the larva spins a silken tube 
10-15 times tts own length. It can teed at either end of 
the tube, which is wide enough to allow the caterpillar to 
turn round. 


5. Pupae of the Common Clothes Moth of different ages. 
(Photos by courtesy of Geigy Co. Ltd.) 
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tests. They produced a series of agents known as Eulans, 
and some of these Eulans, notably Eulan NK were 
phosphonium compounds. This particular agent was made 
by condensing triphenyl phosphine with 3,4-dichlorbenzyl 
chloride, and had the constitution shown: 
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Compounds such as this were not particularly fast but had 
their uses. They could be sprayed from organic solutions 
on to furs, or they could be applied to fabrics during dry- 
cleaning. Despite the phosphorus content, they were 
said not to give trouble through dermatitis. 


Fungicide to Kill Moths 


Pentachlorphenol has long been used to protect timber 
against fungal rot, and since the 1939-45 War it has been 
used on aconsiderable scale commercially for mothproofing 
wool. It is undoubtedly a good mothproofing agent and 
fabrics that contain 0-6 °% of their own weight of pentachlor- 
phenol will not support larval life. It has, too, the advan- 
tage that owing to its acidic nature it has an affinity similar 
to that of acid dyestuffs for wool and combines with or 
dyes on to it. If wool is immersed in an aqueous emulsion 
of pentachlorphenol and warmed, the cloudy emulsion 
soon clears, as the pentachlorphenol leaves the water and 
combines with the wool. The only trouble with this agent 
is that it washes out—not so easily as the fluorides, because 
it has combined with the wool—but so that after perhaps 
three washes the wool will no longer be completely moth- 
proof although it will still be repellent. The ease of applica- 
tion of pentachlorphenol (which is the active constituent of 
a preparation known as Mystox) and its cheapness have led 
to its adoption on a wide scale. It can usually be applied 
during the dyeing process so that no extra labour costs 
are involved and the cost of materials is less than Id. per 
lb. of wool mothproofed. A modification of it known as 
lauryl! pentachlorphenol (in reality pentachlorpheny! 
laurate) has slightly better resistance to washing. For 
woolien materials that will not be washed this material 
gives . sutisfactory mothproof, but it cannot be regarded as 
such for fingering and baby wools which will be frequently 
washed. 

DDT arrived with such éclat and did such a marvellous 
job at Naples in 1942, when it stamped out a typhus out- 
break. that one was inclined to think that all insect troubles 
Naturally, more reasonable views have since 
Some insects are not affected by it, others 


were over. 
Prevatlea 

notably flies 
selection. However, DDT is toxic to the Common Clothes 
Moth and the application of even 0-1°% gives a good 
mothproof. Its disadvantages are that it is volatile, that 
it has no affinity for the wool and that it powders off and 
Washes out easily. The lack of affinity has been overcome 
by the preparation of an emulsion with a cationic surface 


develop resistant strains by a process of 
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active compound, and from this emulsion it will ‘dye’ 
on to wool. But the fastness is exceptionally poor, and no 
considerable use of DDT for mothproofing is probable 
until this defect has been overcome. It finds some use in 
the mills, where it can be dusted on bales of wool, and 
dissolved in the combing oil to give protection to the wool 
in the mill, but it is nearly useless for wool that will be 
often washed. Attempts have been made to confer fastness 
on it by simultaneous application with a resin, but usually, 
e.g. with melamine resins, if the DDT has been embedded 
in the resin, the moths cannot get to it and are not des- 
troyed; some slight success has been achieved by simul- 
taneous application of DDT and a coumarone resin. 

Gammexane, the other notable new insecticide. has not 
been used for mothproofing. It would suffer from the 
same defects as DDT and in addition its toxicity to humans 
by skin absorption is, according to some reports, high. 


Colourless Dyestuffs 


The real solution to the problem of mothproofing has 
been found in the preparation, manufacture and applica- 
tion of so-called colourless dyestuffs. These, for the most 
part, are di- and tri-phenylmethane derivatives with con- 
stitution and molecular characteristics similar to the acid 
dyestuffs with which most wool is dyed. But they “re 
selected members of the group: they give no colour, but 
they do have insecticidal properties They “dve’ on to 
wool, just like a dyestuff, and they are just about as fast. 
Normal washing does not remove very much of them, just 
as it does not remove much of the dyestuff from a fabric. 
Boiling water would very largely remove them but woollens 
are not washed in boiling water. Given reasonable care in 
washing wool to which these colourless dyestuffs have been 
applied, there will still be a considerable residual mothproof 
after ten or twenty washes. The first of them, Eulan New or 
dihydroxy-tetrachlor-triphenyimethane-sodium = sulphon- 
ate, was marketed by the [.G. in 1928. In 1934 it was super- 
seded by Eulan CN Extra, perhaps the most successful 
member of the series. This compound differed only from 
Eulan New in the possession of an extra chlorine atom. 
An application of 2°, on the weight of the wool was made, 
usually at the boil, simultaneously with the dyeing precess. 
and gave a proof that was fast and effective by ali reason- 
able standards. A very similar compound, known as 
Lanoc CN, is now made and sold in this country. Its only 
disadvantage is that it is relatively expensive and costs 
about 3d. per lb. of wool treated, for materials alone. 

Another very satisfactory product, also a ‘colourless 
dyestuff’, was introduced by the Geigy Co. in 1939. 
Known as Mitin FF, it also is a chlorinated triphenyl- 
methane derivative, but includes a urea linkage. 

Three per cent of Mitin FF on the wool gives an excellent 
mothproof with excellent fastness to washing, if it has been 
applied as it usually is from the boil. Carpets and fragile 
antique materials may be treated at lower temperatures and 
then, although the proof is good, the fastness is less good. 
Exactly the same considerations apply to mothproofing 
with Mitin FF as do to the use of Eulan CNA Extra. 
It is good and fast, but relatively expensive, and an extra 
processing is required for ‘whites’. Nevertheless. these 
colourless dyestuffs do provide a satisfactory solution to 
the mothproofing problem. More and more yarn and 
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fabric is being treated with them, and the chance of moth 
damage occurring on such treated fabrics is practically nil. 


Making Wool Indigestible 


One other method of mothproofing wool remains to be 
described. It is the most recent, and the one that is likely 
in the future to be used on a large scale. It consists of so 
modifying the molecular structure of the wool that it 
becomes inedible, or at least indigestible, to moth larvae. 
They may eat a little of it, but they cannot digest it, and 
soon perish from starvation and inflammation of the 
alimentary canal. 


Wool molecules, like the molecules of all fibres, are - 


extremely long: in fact, the molecules are similar in shape 
to the fibres themselves, very long and very narrow. Wool 
and other hair-fibre molecules are, however, different from 
most other fibre molecules in that they are joined together 


by cross-linkages. Imagine that the long wool molecules - 


are the side pieces of a very long ladder, and that the rungs 
represent the cross-linkages. These cross-linkages are 
known as disulphide linkages, because they incorporate 
two sulphur atoms. 

If the rungs are first broken chemically, as they can be if 
wool is treated with thioglycollic acid, then the wool is very 
much easier to digest, and moth grubs attack very easily 
wool that has had its cross-linkages ruptured. 

But once the cross-linkages have been broken, new 
synthetic rungs—known as bis-thioether linkages—can be 
built into the wool molecules and so repair the molecular 
ladder. The repaired ladder is stronger than it was origin- 
ally, and the synthetic bis-thioether cross-linkages cannot 
be digested by moth grubs, which are unable to attack the 
wool. 

Wool mothproofed by such a modification of the struc- 
ture is naturally proof for the life of the wool; there is no 
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danger of a deterioration in the proof by repeated washing 
or dry-cleaning. As the fibres are not detrimentally affected 
in other ways, but retain their normal strength, handle and 
appearance, this method, which can be applied to wool in 
any form, seems to be perhaps the ideal method of moth- 
proofing. 

But again there is the economic difficulty; the process is 
relatively expensive. A modification of the process has 
more recently been introduced by Harris and Brown, 
Instead of using thioglycollic acid to break the rungs of the 
molecular ladder, they use sodium hvydrosulphite, a very 
cheap chemical that every vat dyer uses by the ton. It has 
been reported that the treatment can be completed in 
thirty minutes at a cost of only 13d. per lb. of woo! treated, 
Once again tie modification consists in the substitution of 
bis-thioether linkages for the disulphide linkages. The 
process is relatively new, and extensive proofing trials with 
it have not yet been reported, but by analogy with the 
earlier two-bath process, it seems certain that the wool 
must be mothproof. 

Here then lies the method of ultimately defeating the 
clothes moth. Whereas it took the insect thousands of 
years to adapt its digestive processes to wool, the chemist 
has now taken the matter a step further by rendering the 
wool indigestible, and doubtless several more thousand 
years will be necessary for the digestive apparatus of the 
moth larva to accommodate itself to this new change. 
If, as seems probable, a large proportion of wool is moth- 
proofed by this process, or one similar to it, then decima- 
tion may well await the clothes moth. 


FURTHER READING 
Clothes Moths and House Moths. E. E. Austin and A. W. M. 


Hughes. British Museum (Natural History), Economic Series, 
No. 14 (1948). 
Mothproofing. R. W. Moncrieff (Leonard Hill, Ltd., London), to 


be published shortly. 





QUARANTINE IN A CHANGING WORLD—continued from page 308 


discoveries succeed one another at such a rapid pace that 
health regulations are always in danger of becoming out- 
moded within a relatively short time. The World Health 
Assembly, meeting once a year, will be able to know what 
improvements have a bearing on the regulations. Basing 
its decisions on preliminary work and on suggestions of 
W.H.O.’s expert committees, the Health Assembly can 
make sure that the regulations are promptly and con- 
tinually adapted to the needs of the times. In this way they 
can be kept permanently up to date. 

It goes without saying that amendments to the regula- 
tions, as approved from time to time by the Health 
Assembly, will also benefit from the same rapid procedure 
of entry into force as :nplies to the regulations themselves. 

Thus, in the near future, the nations will be not merely 
invited but required io take part in applying regulations 
found necessary by « body which has sovereign authority 
in the matter. By contrast, under the older methods, it was 
necessary to wait while the often rather cumbersome govern- 
ment apparatus in each country could be got into motion 
to decide whether or not that country would give effect to 


the signature placed on conventions by its represeritatives 
at international conferences. 

Thanks to these innovations, the need for which becomes 
more apparent every day, a long step has been taken 
towards the modernisation—one might almost say the 
‘automatic modernisation’—of machinery created for 
international health protection. At the same time, the 
intensive campaign being undertaken by the World Health 
Organisation, in agreement with the countries themselves, 
for the complete suppression of century-old reservoirs of 
the great pestilential diseases will soon lead to the diminu- 
tion and final disappearance of the causes of contamination 
associated with the movement of travellers and merchandise 
from country to country. 

It is not too much to expect that the time will soon come 
when the arsenal of health defence measures can be emptied 
of most of its weapons and when there will no longer be 
such large obstacles to the free circulation of goods and 
people. When that time comes, quarantine will have been 
relegated to the history of an era which is already passing 
away. 
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British Association at 


Newcastle 


THE British Association met at Newcastle from August 31 to September 7 
for its 112th Annual Meeting. From the point of view of numbers attending 
it was the most successful meeting held since the war. Membership for the 
meeting was 3414, as compared with 1800 at Brighton last year. About half 
of the members were loca! scientists, including 500 science students. 

For the first time in its history the Association postponed the re-election 
of a member of its Council—Prof. J. D. Bernal. This decision was a direct 


— — _ — 





result of his Moscow speech (made on August 27) in which he attacked the 
leaders of non-communist countries and condemned their scientific ‘slaves’. 


By the time this issue is out, the British Association is likely to have decided 
whether or rot it wants Prof. Bernal to serve on its Council. 


Sir John Russell 


We devote nine pages of this issue to a report giving the salient points 
from some of the most important papers read at Newcastle, and this will 


be corcluded in the November issue. 

The meeting opened with the presidential address, de- 
livered in the City Hall, of Sir John Russell, F.R.S., on the 
all-important topic of “‘World Population and World Food 
Supplies”. Immediately before this address, the University 
of Durham held a special congregation and conferred on 
Sir John the honorary degree of Doctor of Science. 

Sir John began by pointing out that one result of the 


' prodigious advances of science and technology has been a 


great increase in the certainty and length of life. ‘‘The 
world population has risen more rapidly than ever before; 
it is now estimated by the Food and Agricultural Organisa- 
tion at about 2300 million, and the increase at about 20 
million a year—an average addition of two every three 
seconds day and night, year after year, and the two may 
become three or more as science advances, social services 
improve, and bodies such as the World Health Organisa- 
tion become fully operative,” said Sir John. “Can they 
all be fed?”’ 

“The problem is complicated by the inequalities in the 


_ Tate of increase, the less advanced groups multiplying more 
rapidly than the more advanced, and also by the unequal 
_ distribution of population over the earth’s surface. Over 





most of the world the population is so sparse that it can 
produce its own food; some regions can produce a 
surplus; but a few regions are so densely crowded 
that they can themselves produce only a restricted dietary 
—England, Belgium, Egypt, India and Eastern Asia. 
England is the most crowded but its highly developed 
export industries enable it to import food from the surplus 
countries, so long as they continue to have surpluses. 
India and Eastern Asia have fewer possibilities of imports, 
but their home production can be considerably intensified. 
Expansion of the world’s food supplies depends therefore 


_ on extension of the food-producing area, more intensive 
cultivation of the area already used, and the reduction of 
_the present heavy wastes and losses.” 


The world’s total land area is 35,700 million acres, but 
only about 11,000 million are estimated by C. B. Fawcett 
to be ‘climatically suited’ to crop growth. Much of this, 
however, is at present impracticable for cultivation, and 
the area actually used is some 3000 to 4000 million acres— 
1% to 10% only of the world’s land surface. Some 85% 


or 90° of this area is used for food production; the rest 


is for industrial crops. The food-producing area represents 
a world average of about 1} acres per head which, at 
British yields, would give the British pre-war dietary; much 
less would suffice for a vegetarian dietary. The area 
‘climatically suited’, however, is about 5 acres per head. 
Sir John then posed the question, Can any of the unused 
34 acres per head be brought into cultivation’ Agricultural 
pioneers have long been engaged in pushing out into 
marginal land. Sir John reminded his listeners of the 
startling presidential address of Sir William Crookes 


delivered to the British Association in 1898. Crookes had 


deciared that the process of expanding the area of culti- 
vated land was nearly over. He predicted famine in the 
1930’s unless yields were raised, and showed how the 
nitrogenous fertilisers could be prepared synthetically from 
atmospheric nitrogen. The address was one of the most 
momentous the British Association ever heard; it led to the 
founding of the great nitrogen industry and stimulated 
agricultural investigations everywhere to fresh efforts. 

But the wheat problem was solved, not in the way 
Crookes expected, but by the new science of genetics, 
founded shortly after Crookes’s address. The qualities of 
early ripening, shortness of straw and a high grain/leaf 
ratio were combined in new varieties of wheat resistant 
to drought and frost. World-wide search was made for 
varieties with the desired genes, including genes giving 
resistance to rust and other diseases. New varieties 
suitable for the marginal wheatlands were produced. By 
the 1930’s Canada’s 1898 wheat acreage (4 million acres) 
had risen to 20 million; Australia’s 5 million to 16 million; 
Argentine’s 7 million to 20 million. There was such a glut 
that wheat was even burnt in locomotives and since the 
1930’s the wheat of these countries has not expanded— 
but not because no more new wheatlands are available. 
The glut of the 1930's restrained development. 

Marginal land was being converted into good grazing 
land by the introduction of new species of grasses: N. 
America took crested wheat grass from Russia, and Aus- 
tralia has imported grasses from the Mediterranean region, 
Africa, Turkistan and India. The cross-breeding of good 
drought-resisting grasses has hardly started, though good 
material for such a project has been collected in Australia, 
Canada, S. Africa and Kenya. Sir John said the Common- 
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wealth needs a station to study drought-resisting plants and 
produce new ones. A particular need is a plant that will 
do for semi-arid and tropical regions what lucerne has 
done elsewhere. 

The wheat belt once stopped at about the line of 18 in. 
of annual rainfall. It now stretches to the 12 to 15-in. line; 
the grass belt extends to the 8 to 10-in. line. 

Sir John called attention to the extreme importance of 
African agriculture. The problem in Africa, he said, is to 
replace the primitive methods of the native peasant (on 
whom we rely for crops such as tea, coffee, cocoa and oil 
seeds) by modern efficient methods without too great dis- 
turbance of the best elements in the native life. 

The greatest reserve of unused land lies in the wet 
tropics, with 50 in. of rainfall or more a year. In this con- 
nexion he spoke of the useful work done in the Belgian 
Congo, and of the Hylean project of Unesco. 

Sir John said there was plenty of land to be reclaimed in 
Britain. This could be converted first into grassland, then 
into arable land if necessary. Suitable strains of grass and 
clover have been produced for the purpose by Sir George 
Stapledon’s team at Aberystwyth and their use is investi- 
gated by William Davies at Drayton. It was claimed that 
a thousand acres of reclaimed waste hill land could support 
250 cattle. Already half a million new acres were brought 
into cultivation in the nine years ending June 1947. 

Against these potential gains must be set the very serious 
losses due to soil erosion, Sir John said. He reminded his 
audience of the Dust Bowl of America, where 330 million 
acres out of 460 million acres of good arable land were 
estimated to have suffered. The United States were the 
first to set up a very successful Soil Conservation service, 
now operating over three quarters of all the farm and ranch 
lands and furnishing models to other countries. 


Bigger Yields Needed 


More intensive cropping of existing farmland Sir John 
saw as the most hopeful way of increasing world food 
supplies. This he stressed as especially important in Asia 
and Africa, where yields of grain were low owing to 
inefficient methods. Irrigation could bring about big 
changes. The projected Nile schemes could solve Egypt’s 
problems for a generation. The rice crop could now be 
scientifically manured owing to the work of Japanese 
scientists. Sir John said that nothing would more greatly 
increase rice output than wider and proper application 
of nitrogenous fertilisers. 

Sir John saw no prospects of any shortage of fertilisers. 
“The necessary fertilisers are producible in almost un- 
limited amounts,” he said. So far only Western Europe and 
ourselves use much fertiliser, between us we take nearly 
half the world’s pre-war production. The war has brought 
about a great increase in consumption; both in this country 
and in the United States this has doubled since 1938. 

Much more fertiliser could advantageously be used if 
iarmers’ means permitted. A better fertiliser supply and 
more leguminous cropping would quickly raise output over 
large parts of the worid. 

But all agricultural improvements fail unless weeds— 
arch enemies of mankind—are adequately controlled. 
Chemical methods are coming into use but cultivation is the 
standard method of dealing with them. Sir John then gave 
some interesting figures showing how rapidly tractors are 
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displacing horses on British farms. Sir John even hinted 
that the change-over might be perhaps too rapid. Before 
the war about 60,000 tractors and 650,000 horses were 
used in Great Britain’s agriculture. In 1948 there were over 
260,000 tractors, mostly of 12 to 40 h.p., a gain of more 
than 200,000; simultaneously horses were reduced by 
192,000. Taking the effective working power of an average 
tractor as the equivalent of four horses, our farms had in 
1948 13 million “horse equivalents’ compared with the pre- 
war 889,000, a gain of 68°. During the war the quantum 
of output per man-year rose about 10% to 15°, but the 
evidence available for the past five years suggests that. 
despite additional power and machinery, annual output has 
been below the war-time peak while the total labour force 
on farms, allowing for changes in composition, has re- 
mained well up to war-time strength. ‘Clearly there js 
recom for more economical use of farm power,” said Sir 
John. 


Pests and Diseases 
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Sir John then turned to a consideration of what can be | 


done to cope with the ancient difficulty arising because 
Nature’s production of food is by jerks, while consumption 
is fairly steady. Storage is therefore necessary, and as 


done on the farm it is attended by considerable loss, | 
Grain crops'*may suffer from rats and mice; these are | 


estimated to destroy 2 million tons of food annually in 
England and Wales alone; a single rat is said to consume 
50 lb. of grain a year and to spoil an additional 14 cwt. 
Grass, Our most important and for long most neglected 
crop, when made into hay commonly loses 30° or more 
of its valuable protein equivalent, and haying is inapplicable 
for modern intensively managed leys or lucerne that give 
three heavy cuts of highly nutritious material a year. 


Artificial drying preserves the nutrients intact; but it © 
requires 10 to 15 cwt. of coke per ton of product; 3 tons — 


of dried grass per acre can be obtained—three times the 
old average yield of hay. Silage is cheaper, but involves loss 
of 20°% to 30° of the nutrients; lack of driers makes it at 
present the more practicable alternative. 

Sir John referred briefly to the potent new insecticides 
available, one of which (hexachlorbenzene) is effective 
against the long-invincible wireworm. He also mentioned 


the damage done by fungi, but pointed out that resistance | 
to fungus attack is frequently inherited and, once the | 


genes are found, resistant varieties can be produced. ‘Plant 
virus diseases still defeat us,” said Sir John, though he 
predicted that the virus researches of Bawden and Pirie 
at Rothamsted and Kenneth Smith at Cambridge could 
not fail to bear fruit. 

Animal diseases, said Sir John, were being steadily 
brought under control. The old expensive method, of 
slaughter to prevent disease spread, was giving way to the 
modern method—applying diagnostic tests so as to catch 
the disease early, then segregation and the appropriate 
treatment. Vaccines are used for a number of diseases and 
immunisation by the appropriate serum is growingly 
practised. Disease caused an estimated loss of 200 million 
gallons of milk a year before the war. A more definite 
index of milk loss is the fact that the present life of a cow 
in the milking herd averages about 34 lactations only; tt 
Should be 6 or 7. 

Most countries could increase their food production 
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considerably by applying known methods of improvement 
and raising the average performance of the level of the 
best. The yield of wheat in Great Britain used to be about 
8 to 10 cwt. per acre; it now averages 20, and the best 
farmers get 30 or 40; but the world average is only about 7. 
The average milk yield of England and Wales is about 
550 gallons; recorded herds average about 700, and yields 
of 1000 to 1200 gallons per cow for a whole herd are not 
uncommon. Trained advisers, recently considerably 
augmented in number, have long been trying to reduce 
these gaps. 


New Developments 


Towards the end of his address Sir John Russell spoke of 
research results which had recently gained commercial 
application or which were likely to be applied in the near 
future. Discovery readers have already been informed of 


_ several of the recent advances he mentioned; here are a few 
| of the more novel points from this section of the address: 


Auxins.—A spray of 8-naphthoxyacetic acid, 40 parts 


| per million of water, has been used considerably by com- 
vhat can be | 
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mercial growers of tomatoes and cucumbers; the fruits are 
normal in appearance but not yet in quality, and they are 
seedless. So far no auxins have been found effective for 
large fruit trees except some varieties of pear. 

Selective weed killing by the auxin-like substance 2 : 4D 
is now widely used; for example, some 5 to 10 million acres 
of grain were expected to be treated in Canada last year. 

Chemical stimulants and pests.—Another investigation 
that may have far-reaching effects is being done jointly by 
a tam of workers under R. Brown of Leeds and A. R. 
Todd at Cambridge. They found that the seeds of witch 
weed (Striga), a flowering plant that parasitises sorghums 
and millets and is the cause of much loss in Africa and 
India, germinate only when stimulated by a substance 
excreted from their roots and this substance is apparently 
a Sugar: D-xyloketose acted well. If the different varieties 
of sorghum should differ in their ability to prepare and 
excrete this stimulant, a chemical test might be devised 
that would greatly assist plant breeders searching for 
resistant strains. 

It is possible that other parasitic fungi can live only on 
varieties of plants capable of producing the necessary 
stimulant. 

The cysts of the destructive potato eelworm hatch out 
only when stimulated by a substance excreted by the roots 
of potatoes, tomatoes and other Solanaceae; this also is 
being studied by A. R. Todd. When this is identified and 
prepared on the large scale, it might be applied to the land 
while fallow, so that the emerging larvae could perish of 
inanition before the potatoes were planted. 

Soil antibiotics.—Various soil organisms are known to 
produce antibiotic substances, analogous to penicillin; 
for example, Thaysen and others have found in tropical 
soils bacteria with high powers of inhibiting the growth of 
fungi. In the absence of a good soil fungicide, it is possible 
that soil-borne fungal diseases such as ‘Take-all’ disease of 
wheat and Panama disease of bananas might be success- 
fully controlled by introducing or encouraging organisms 
producing the appropriate antibiotic. 

Artificial insemination; transplantation of cow’s eggs.— 
Artificial insemination is rapidly spreading, especially for 
dairy cattle, as milking capacity is largely inherited from the 
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sire. For instance, some half million cows were insemin- 
ated in 1946 in Denmark. But this is only a beginning; 
the number of cows inseminated per bull could rise to 
10,000 or even 15,000 per annum. 

A cow normally produces only one ovum at each 
oestrum. When pregnant mare serum hormone is injected, 
however, she produces a number, as shown by J. Hammond, 
jun., and Bhattacharya at Cambridge. Attempts are now 
being made to transplant these into other cows—one into 
each—fertilise them by artificial insemination, and so get 
a dozen or so offspring from the chosen mother in place 
of a solitary calf. Scrub cows, otherwise of little use, could 
thus become incubators of the eggs of high-grade cows: 
the method could be particularly valuable for beef cattle. 
Already the transplanting has been successfully done with 
rabbits. No end is in sight: one cow could potentially 
produce some 75,000 ova during her lifetime. (This tech- 
nique was discussed in Discovery in Feb. 1948, pp. 52-53.) 

A cautionary note was struck by Sir John when he said, 
““No limits can be set to the possibilities of science, but it 
does not follow that the present rate of advance will con- 
tinue. Great scientific discovery is possibly only for the 
gifted few, and only in an atmosphere of complete intel- 
lectual freedom: subordination to political or any other 
dogma is utterly destructive. Nor can we praise the grow- 
ing tendency to take good scientists out of the laboratory 
and put them into Committee rooms, or to load them up 
with so much administrative and other detail—nowadays 
housework as well—that they lack the leisure for ‘reaping 
rich harvest from the mellow soil of quiet thought, mother 
of great deeds’, to quote the noble words of Aeschylus. 
Then there is the ever growing specialisation. The indi- 
vidual suffers: Whitehead reminds us that a man may 
know all about the laws of light and yet miss the radiance 
of the sunset and the glory of the morning sky. And the 
loss to science may be greater: the breadth of culture of 
some of our pioneers—D’Arcy Thompson, Percy Frank- 
land, J. B. Farmer and others—had much to do with their 
breadth of scientific vision. 

“Nevertheless remarkable success is attained by teams of 
highly trained specialists working under an inspiring 
leader.” 

Food production involved human problems, and great 
as are the powers of science, it was only of limited help 
there, said Sir John Russell. 

“It can do much to overcome material difficulties and, 
better still, to satisfy man’s thirst for knowledge of the 
Universe in which he lives, and it can insist continuously 
on our high duty to seek out the Truth fearlessly and 
honestly, and having found what we believe to be the 
Truth, to proclaim it—but in all humility and recognising 
that we may be wrong. Apart from that, science can give 
little guidance in those great moral and spiritual problems 
which lie at the root of our most serious troubles today. It 
opens up many possible ways of life but gives no help in 
choosing which to follow, it deals with the facts of existence 
but not with the values of existence. It offers us great 
possessions but, as the old aristocracy knew, great posses- 
sions imply great personal responsibilities. Democracies 
still have this to learn. That is one of our greatest problems 
today. 

‘Science can help us best if we have a sustaining faith, a 
high purpose in life and unflinching courage to pursue it.” 











PLANNING AND SCIENCE 


INTELLIGENT, planned use of natural resources is 


LAND 


essential to the continuance of the human race, 
said Professor Stamp in his presidential address to 
the Geography Section. Land planning ts the art 
corresponding to the science of geography. Its pur- 
pose, he said, is an improved standard of living, and 
at least six basic needs have to be met, these needs 
being work, food, water, recreation for mind and body, 
and military security. It involves the balancing of 
each of these claims on its quota of a strictly limited 
area of land. 

Professor Stamp drew attention to the serious gaps 
in the scientific knowledge needed as a basis for plan- 
ning. Britain’s drift deposits remain unmapped, and 
Professor Stamp accused many geologists of a lack of 
interest in the economic aspects of their findings. 
He also regretted the lack of soil maps and a com- 
prehensive soil survey. 

Professor Stamp spokeat lengthonthe development 
of British rural areas between the years 1871 and 1941. 
The number of farms remained stationary, but the 
rural population declined: as against 180 people per 
square mile of farmland there were now only 100, 
this ‘rural depopulation’ being linked with rising 
agricultural efficiency. The size of individual farms 
would not change greatly in the forseeable future. 
The rural pattern of Britain he described as virtually 
complete, leaving no room for new villages or towns 
as part of it. 

Not so the urban pattern. The land area is fixed 
and inextensible at 37 million acres for England and 
Wales and 19 million for Scotland (ignoring small 
extensions possible by reclamation of tidal flats, 
for instance). But planners’ demands upon land 
become ever more extravagant. In place of the 
Victorian industrial towns with 64 houses to the 
acre, town planners now demand 6000 acres for a 
new town for 60,000. If the present trend continues, 
we seem to be heading for ‘new towns to starve in’, 
for every 1000 acres of average land taken robs 
1790 people of their share in the food-producing 
land of the home country. 
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Sir Alfred Egerton’s Address 


“Tre Influence of the Study of Combustion on the Progress 
of Chemistry” was the subject of Sir Alfred Egerton’s 
presidential address to Section B (Chemistry). Sir Alfred 
referred to the presidential address of Sir William Arm. 
strong in 1863, and quoted a passage on fue! econom 
which is apposite even today. Sir William was alread 
xpressing anxiety about the rate at which coal was being 
used. After slating the users of steam engines for producing 
so much smoke which was “‘unnecessary and inexcusable”. 
he drew attention to the enormous waste of coal for 
domestic heating which, he stated, amounted “to | ton per 
head per annum, an abuse involving a useless expenditure 
exceeding in amount our income tax and capable of being 
rectified by attention to scientific principle”. 


“LT bewail with him,” said Str Alfred Egerton. ‘In the 
report of the Heating and Ventilating (Reconstruction) 
Committee, 1945, published by H.M. Stationery Office, ii 
will be seen that there has been no improvement; I! tons 
per head per annum was the figure for 1939; so although 
one may doubt the accuracy of Sir William’s figure, the 
fue! burnt per head for domestic purposes certainly has 
not decreased.”’ 


“About a third of Britain’s coal production has been 
used for domestic heating. The inefficient use of coal for 
this purpose is a drain upon our economy, and leads to 
needless dirt and gloom. There is still much to do to 
improve the efficiency and | shall not be happy until the 
amount of coal used for this purpose is reduced to a more 
reasonable total without restriction of necessary standards 
of warmth and amenities.” 


Sir Alfred made a passing reference to underground 
gasification of coal, which he evidently considered to be 
worth investigating, along with other fuel-and-power 
problems such as those involved in the production of oll 
from coal, the storage of energy in the form of liquified 
methane; use of pumped storage and of tidal and wind 
power are amongst other such questions. 


The greater part of Sir Alfred’s address was concen- 
trated upon the work by chemists and nhysicists which gave 
us our knowledge of combustion. He began with Davy: 
contribution, and other great names in the story included 
Bunsen, Berthelot, le Chatelier, H. B. Dixon, W. A. Bone, 
Haber, Nernst, Semenoff and Townend. 


After mentioning the importance in connexion with com 
bustion processes of the chain theory of reactions deve! 
oped in Niels Bohr’s laboratory, Sir Alfred drew attention 
to the fact that this theory was to the fere again when the 
possibility of propagating nuclear fission by chain reactions 
of fission products came to be considered. 
quences of this to the world have been terrific. At al 
events, chemistry has been enriched by the filling of al! the 
gaps in the periodic classification of the elements (43, 61. 
85, 87), the provision of a new set of transition elements of 
atomic number greater than uranium (93 to 96) and large 
numbers of isotopic elements. stable and unstable. which 
provide further means to trace where and how reactions 
occur,” said Sir Alfred. 
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Zoology Outside the Laboratory 


THE Zoology Section met under the presidency of Prof. 
A. C. Hardy, whose address entitled ““Zoology Outside the 
Laboratory” included a strong plea for more ecological 
research. “Zoology.” he said, “is partly science and partly 
natural history—that ts, if by natural history we mean the 
qualitative description of nature and by science the quanti- 
tative and experimental analysis of its interactions.” 
Zoology, by these definitions, is becoming more and more 
scientific; we do well to applaud the advance of exactitude, 
but let us not underrate the contributions of the naturalists 
who, in the spirit of explorers, have revealed for us the 
marvellous multiplicity of living things and by their 
descriptions have given us the facts both of their structures 
and habits. Discovery by observation may be just as 
fundamental as that made by the experiment. The period 
of the great traveller-naturalists’ century—with Darwin, 
Wallace, Hooker, Bates, Trimen, Fritz Miller, Mosley and 
Agassiz, for example—gave biology its greatest generalisa- 
tion: the concept of Evolution. This sent the majority 
of zoologists into the laboratory to seek in the detailed 
study of comparative anatomy and embryology the clues 
of relationship between the different animal groups and so 
gradually to try to reveal the likely course of evolution. 

Afterwards there came a revolt against this purely 
morphological trend, and the 1920's saw the rapid advance 
of experimental zoology. 

“For more than half a century our Zoology has been 
mainly in the laboratory. We are now seeing signs of a 
reaction: a going out into the field again,” said Prof. 
Hardy, who insisted that more field work should not be 
advocated at the expense of the neglect of labcratory 
zoology. 

He defined ecology as “the conversion of natural history 
into science’’", which involves more than the expressing of 
the inter-relationships of organisms with their environ- 
ment, living and inanimate, in numerical terms. The aim 
of ecology was to discover more of the laws operating in 
the world of living things. Experiment, he said, would 
come to play as big a part outside the laboratory as inside 
it, as the students of animal behaviour were so brilliantly 
showing. Just as physics and chemistry are based upon 
statistical laws concerning the behaviour of electrons, 
atoms and molecules, so ecology is a science in its own right 
based upon the statistica! treatment of the interactions of 
Organisms as living wholes. Ecology could exist as a true 
science if the laws of physics and chemistry had not yet 
been discovered, although it would be a sadly limited 
science. Any one branch of science is handicapped without 
support from other branches; our ecology will be so much 
richer in the future when it gets more help from the rapidly 
developing studies of animal behaviour. 

Professor Hardy gave interesting examples of the satis- 
factions and difficulties of ecological work from his own 
experience as a fisheries research worker. He remarked on 
the fact, extraordinary at first sight, that ecological know- 
ledge of marine life should be so much more advanced than 
that of Man’s ordinary terrestrial surroundings. ‘Only just 
now are a few ecologists beginning to put the study of the 
food and feeding habits of some of our common birds and 
mammals on a truly quantitative basis; at present we know 
far more about the food relations of a number of marine 
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TELESCOPE 


OF THE 


“Soxit developments in Astronomical Instruments” 


EVOLUTION 
was the subject of the presidential addiess to 
Section A by the Astronomer Royal, Sir Harold 
Spencer Jones, whose account of the evolution of 
the telescope was particularly interesting. !!e told 
how the refracting types and the reflecting types had 
alternated in favour. The first primitive reiractors 
opened up an era of exciting discoveries which ended 
about 1680: development along this line stopped 
because long-focus telescopes of this type became 
too unwieldy. 

Newton then devised the Newtonian reflector. 
The first satisfactory Newtonian telescope was made 
by John Hadley in 1720, who took the essential step 
of using the parabolic mirror. Next refinement was 
the introduction of mirrors with good definition 
made of speculum metal, alloy of copper and tin 
that polishes well. Wiliitam Herschel in the latter 
part of the eighteenth century renewed the making 
of reflecting telescopes, and increased the size of 
speculum mirrors up to 20 in. 

The refractor had come back into favour following 
Dollands’ patent of the achromatic objective in 1758, 
but its development was held up until the quality 
of the optical glass could be improved. William 
Herschel’s reflectors were very popular in the period 
that ended when better glass was made available by 
Pierre Louis Guinand. In 1805 Fraunhofer per- 
suaded him to move to Munich and their collabora- 
tion made both the German optical glass industry 
and the modern refractor. Refracting telescopes 
now progressed rapidly; the largest refractor in 
existence is the 40-in. at Yerkes Observatory. 

Foucault’s improvements in the methods of 
figuring and testing glass disks caused attention to 
revert again to the reflector, which was silvered by 
Liebig’s simple chemical process, now superseded 
by the vacuum-distillation of aluminium. Pyrex 
glass came to replace plate glass for the mirror disks. 
The problem of supporting the disk became difficult 
as reflectors grew in size, and the Astronomer Royal 
showed how it was solved in the 200-in. Hale 
telescope on Mount Palomar. 

He concluded by referring to instruments designed 
for special purposes such as Lyot’s coronograph 
with which it is possible to observe and photograph 
the corona when the sun ts not in total eclipse. . 
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fish than we do about any terrestrial animals. We have a 
better idea of the populations, per unit area, of different 
molluscs on many parts of the sea floor than we have of the 
snails of our countryside,”’ Prof. Hardy commented. 

The difference he attributed, not to any greater enthusi- 
asm of the marine ecologist, but to the stimulus of com- 
mercial needs. “Fish and whales are alone unfarmed and 
sti!l hunted in the wild. It is of course the economic urge 
to find out more and more about them, so as to make their 
exploitation more efficient, that has pushed forward this 
new science of ecology below the surface of the sea. 

“If only cattle and sheep had never been domesticated 
and we were entirely dependent upon wild animals for our 
meat, what a wonderful series of terrestrial ecological in- 
vestigations we might have had by now to enable us to 
conserve the stocks of wild game and exploit them to the 
best advantage for both the present and the future. But 
isn't terrestrial ecology today really just as important as 
that—but not quite so obvious? While the main sources 
of our food are cultivated plants and domesticated animals, 
they are attacked by a multitude of wild pests. We all know 
that, and also that there are now dotted about the world 
dozens of research stations. But most of these are either 
lealing specifically with the control of this or that pest, or 
dealing generally with all the different pests of this or that 
particular crop or domestic animal. Large sums of money 
“re going into this, and rightly so, for the damage to our 
food from pests runs into millions. But how many research 
stations are there devoted to the science of wild life for its 
own sake? How much money is being devoted to funda- 
mental ecological research which has not the pretence or an 
excuse of an immediate economic end? At present very few 
stations—if any (apart from university departments)— 
and relatively very littke money. Yet it can only be through 
a better understanding of the basic principles underlying 
the complex interactions of wild life that really sound 
progress can be made in so many of the problems of 
applied research. If we could spend upon fundamental 
biology half as much as we spend upon research on atomic 
energy, how much more we would know about the very 
nature of life and the process of evolution.” 

An encouraging development Prof. Hardy mentioned was 
ihe setting up of the first university department of *“Zoo- 
Field Studies —this was established at Oxford 

and it links together the Bureau of Animal 


logical 
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Population under Dr. Charles Elton and the Edward Grey 
Institute of Field Ornithology directed by Dr. David Lack, 
In addition ‘Animal behaviour’ now has its own lecturer 
at Oxford. 

Prof. Hardy welcomed the establishment a few months 
ago of Britain’s National Institute of Oceanography, and 
the Nature Conservancy—the latter under the direction of 
Capt. Cyril Diver, whom the speaker described as “‘a great 
pioneer in terrestrial animal ecology”. He said that the 
Nature Conservancy would not only protect priceless bits 
of the nation’s heritage but also provide protected regions 
where field experiments could be conducted without fear of 
interference. 

Towards the end of his address Prof. Hardy ridiculed 
the purely mechanistic interpreters of living phenomena. 

Prof. Hardy concluded boldly by expressing a_helief 
in telepathy. He said, “It is perhaps unorthodox for 
a zoologist to introduce such a topic; but ! do so for a 
reason. If telepathy has been established, as IT believe it 
has, then such a revolutionary discovery should make us 
keep our minds open to the possibility that there may be 
so much more in living things and their evolution than our 
science has hitherto led us to expect. Such an idea as I am 
about to suggest is no doubt highly improbable and would 
perhaps be better kept locked in a bottom drawer: I men- 
tion it, however, merely as a reminder that perhaps our 
ideas on evolution may be altered if something akin to 
telepathy—unconscious no doubt—was found to bea factor 
in moulding the patterns of behaviour among members of 
a species. If there was such a non-conscious group-be- 
haviour plan, distributed between, and linking, the indi- 
viduals of the race, we might find ourselves coming back 
to something like those ideas of subconscious racial 
memory of Samuel Butler, but on a group rather than an 
individual basis. It would remove many of the fatal 
difficulties of his hypothesis. Samuel Butler’s ideas were of 
course the logical development of Lamarck’s, but thought 
of independently. If there was such a group habit and 
behaviour pattern it might operate through organic selec- 
tion to modify the course of evolution: working through 
selection acting on the gene-complex. If this flight of 
fancy ever proved to be a fact, it would be a wedding of the 
ideas of Darwin and Mendel on the one hand and of 
Lamarck and Samuel! Butler on the other! 

“If | appear to be ending in fantasy or in the spirit of 


Sir Fred Clarke 
(Education) 
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Prof. R. A. Peters 
(President, Physiology Section) 


harlequinade, I do so only to emphasise my conviction 
that we fool ourselves if we imagine that our present ideas 
about life and evolution are more than a tiny fraction of 
the truth yet to be discovered in the almost endless years 
ahead.”’ 


The Age of Piltdown Man 


Dr. Kenneth Oakley of the Natural History Museum 
read a paper to the Anthropology Section on his fluorine 
test. Fluorine is a gas which in the form of fluorides 
occurs as a trace in most ground-water. When fluorine 
ions reach bone material they are locked into the ultra- 
microscopic mesh of the calcium phosphate crystals. Once 
they thus enter they are not released, and the fluorine- 
content of the bone increases with time. This fact provides 
rather a neat means of distinguishing fossilised bones of 
different ages occurring at a particular place, though it does 
not make it possible to date an individual bone in isolation. 

The problem of Piltdown Man (Eoanthropus) depends 
for its solution on the separation of bones of different ages 
found in a single deposit. The remains were found in a 
gravel bed laid down by small floods during the Pleistocene 
Ice Age. Some animal bones belong to the period when the 
gravel finally settled, perhaps not more than 100,000 years 
ago; others date from the beginning of the Pleistocene, say, 
half a million years ago or more. It has long been a matter 
of controversy whether the bones of Piltdown Man belong 
to the early Pleistocene or the late. In fact, those who claim 
that the Piltdown jaw-bone is that of an anthropoid ape 
accidentally associated with the brain-case of a primitive 
man have rather pinned their faith to the probability that 
the jaw-bone belonged to the early Pleistocene group, 
while the fragments of brain-case went with the later 
group. 

Minute samples of all the bones and teeth from the 
deposits were tested for fluorine in the Government 
Chemist's Department. Al! the animal remains of un- 
doubted early Pleistocene age showed high fluorine con- 
tent, while those of later Picistocene age in the same bed 
(50,000-100,000 years old) showed a very low fluorine 
content. All the remains of Eoanthropus showed extremely 
little fluorine content. The test has shown conclusively 
that none of the bones and teeth attributed to Eoanthropus 
belong to the early Pleistocene group, which dates back 
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about 500,000 years. The jaw-bone and associated brain- 
case are of the same age. 

Dr. Oakley concluded his paper by suggesting that 
Eoanthropus might be a specialised type of man that 
developed and died out. The short communication follow- 
ing came from Dr. Robert Broom, who had carried out 
an investigation of Piltdown remains while in England 
recently. He had come to the conclusion, quite indepen- 
dently, that the jaw-bone and brain-case belonged to the 
Same man, and so Evanthropus was a simian-jawed large- 
brained type developing on a parallel line with Homo 
sapiens. This confirmed Dr. Oakley’s findings. 


Radio Astronomy 


A session of the Physics Section was given over to papers 
on recent techniques applied to certain astronomical prob- 
lems. Dr. J. S. Hey of the Army Operational Research 
Group dealt with investigations of solar radio noise. This 
is emitted in two forms. First, there are fairly sharply 
beamed emissions from sunspots, a maximum being ob- 
tained when the sunspot is near the central meridian on 
the sun’s disk. 

Next there are very sudden bursts of emission from solar 
flares, which are tongues of very hot gas moving at 
immense speed from the solar surface near the sunspots. 
This type of emission is characterised by its suddenness, 
and it did not appear to be beamed. There seems to be 
a greater chance of radio emission with flares occurring 
on the east side of the sun’s disk than with flares in any 
other position. 

Intense ionisation of the lower part of the ionosphere is 
simultaneous with the flare and the radio emission. It 
seems that this intense ionisation is caused by ultra-violet 
light from the flare, and the result is a complete black-out 
of long-distance radio communication on the earth. 

F. G. Smith of Cambridge described work on radio 
techniques applied to the analysis of radio noise coming 
from the rest of the galaxy. The first problem was to 
determine whether the noise came from a diffuse inter- 
Stellar gas or from point sources such as the known stars. 
From experimental evidence at Cambridge it appears that 
there are two major sources and twenty-three smaller ones, 
and with certain assumptions the diameter of the source 
seems to be less than ten light-seconds. 1.e. of the order of 
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size of an average visual star. It appears that the noise 
is due to electrons having a random motion of at least 
10'° electron volts. The great energy suggests that the 
origin of cosmic rays is the same as that of the radio 
noise investigated. 

Dr. A. C. B. Lovell of Manchester described new 
developments in meteor astronomy. He said electron trails 
formed by the burning away of a meteor made excellent 
radar targets and could thus be detected on a cathode-ray 
screen. Difficulties occurred because of the immense speed 
of the meteors, in the neighbourhood of 100,000 miles an 
hour, thus producing radar echoes of extremely minute 
duration. As the central problem of meteor astronomy 
was to discover where the meteors came from, it was very 
important to determine the meteor speed very accurately, 
for a difference of less than 1° in the velocity meant the 
difference between a meteor belonging to the solar system, 
ic. moving in an orbit round the sun, and one from 
interstellar space. 


Folic Acid, Vitamin B,, and Anaemia 


Dr. E. Lester Smith told the story of the scientific 
attack on pernicious anaemia. In 1926 Minot and Murphy 
discovered the effectiveness of liver in treatment of perni- 
cious anaemia, but despite the efforts of many biochemists 
in America, Norway, Switzerland and Britain it was 22 
years before an active principle, now called vitamin By, 
was isolated in pure crystalline form. Meanwhile, certain 
teams in America were working on other factors that 
prevented anaemia or slow growth in chicks and monkeys. 
No less than ten factors were described, but after a period 
of great confusion it eventually became clear that they 
were all the same or closely related. The parent substance 
is now known as folic acid or pteroyglutamic acid, and the 
others are conjugates of this with glutamic acid. Folic acid 
was isolated in 1943 and was synthesised only two years 
later. Only then was it tried and found effective in human 
anaemia. 

However, folic acid has certain clinical shortcomings in 
comparison with liver extract, so research on the liver factor 
was re-intensified; it culminated with the isolation in 1948 
of vitamin B,,. nearly simultaneously in America and 
Britain. It is a red crystalline substance, of phenomenal 
potency, the daily human requirement being about one 
twenty-millionth of an ounce. This is about ten thousand 
times as active as folic acid, and is also remarkable in 
containing cobalt, the first time this metal has turned up 
in a pure substance of biological origin. 

This seemed to link up with the known requirement of 
sheep and cattie for traces of cobalt. It now seems, how- 
ever, that these ruminants need cobalt for the well-being 
of the paunch bacteria that help them to digest their food, 
and not merely for the biosynthesis of vitamin B;». 

There is another link, however, because it is probably 
bacteria of this kind that make the vitamin B,., which 1s 
then absorbed by the animal and stored in its liver. 

This came to light through yet another group of re- 
searches on the need of chicks and other animals for a 
factor present in animal, but not in vegetable, proteins. It 
was then found that the factor could be synthesised by 
certain bacteria, while about the same time it became clear 
that this factor was none other than vitamin B,,. Thus a 
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potential new source became available and was quickly 
exploited. One of the organisms that makes useful amounts 
of B,. is Streptomyces griseus, already in commercial use 
for streptomycin production. Crystalline vitamin B,, has 
already been isolated from this source. 


The Echo-sounder for Spotting Fish 


Dr. W. C. Hodgson of the Fisheries Laboratory, 
Lowestoft, described to the Zoology Section some applica- 
tions of a recording echo-sounder in locating fish shoals, 
The instrument used was originally designed to measure 
depth by the echo delay of a transmitted signal. The result 
was charted on a continuous roll of paper. This instrv- 


ment has for some years been used in spotting shoals of | 


fish, for the discovery was made some years ago that any 
such shoal would reflect like the sea-bed. The instrument 
gives at the same time an indication of the depth at which 
the fish are swimming. This use has already had one 
important result, for it has been found that in many parts 
of the North Sea, herring rise at night to within from ten 
to fifteen fathoms of the surface, and the drifters operating 
there usually have nets seven fathoms deep suspended by 
ropes two fathoms long, thus making the very bottom of 
the nets no lower than nine fathoms, not deep enough to 
catch the herring. 

It has now been realised that the data provided by the 
recording echo-sounder can be used in conjunction with 
observation and experiment to investigate the behaviour of 
fish in shoals. In Cornwall, for example, the reaction of 
pilchards to a powerful artificial light onthe sea’s surface has 
been examined. It is found that after a first descent caused 
by the shock of the ‘searchlight’ the pilchards rise to the 
surface. When the light is switched off they fall at once to 
a lower level and return to the surface again when the light 
is once more switched on. In the Thames Estuary it has 
been found that sprats stay at the bottom all day and rise 
gradually to the surface after sunset. At dawn they return 
to the bottom. At slack water the shoals of sprats disperse, 
whereas they are densely packed during flowing and 
ebbing tides. 

Furthermore, workers with the apparatus have dis- 
covered that several different sorts of fish can actually be 
identified by means of variations in the trace shown on the 
recorder. The edge of the herring trace, for example, is 
diffuse, while the pilchard trace is dense and the edge looks 
as if it had been painted with Indian ink. Cod, coalfish 
and pollack all give traces showing series of specks instead 
of dense shaded traces. Mackerel produce a striated trace 
with a peculiar ribbed appearance. 


Insects across the Sea 


Insect migration, and especially means of intercepting 
that of small insects at considerable altitudes, formed the 
subject of a session of the Zoology Section. That such 
migration is not mere accident, but is a response to definite 
stimuli, was shown by Dr. C. B. Williams, who pointed out 
that the ever-accumulating records of migration of Lepido- 
ptera show that such movement is made regardiess of the 
direction of the prevailing wind, which muy be favourable, 
adverse, or across the genera! line of flighi. Moreover, 
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Most provocative address delivered by a sectional 
president was that of Sir Alexander Gray to the 
Economics Section, entitled “‘Economics: Yesterday 
and Tomorrow’’; it is not possible to summarise it, 
but here are two typical excerpts from his speech. 


There never was a more foolish question than that 
which I have had addressed to me: “‘Why don’t you 
economists put the world right?” prefaced sometimes 
by the reproach: “‘Look what a mess you economists 
have made of the world!” One might, somewhat 
feebly, retort by asking why the lawyers, or the 
moralists, or the Church have failed to put the world 
right. For, so we hope, we are all employed on the 
same job. But probably there is a better answer than 
a vulgar tu quoque. If a combination of Aristotle, 
Adam Smith, Karl Marx, the Archangel Gabriel 
and Sir Stafford Cripps were to arise, and proclaim, 
with all the guile of Machiavelli, the distilled essence 
of economic wisdom, people would not necessarily 
act accordingly. The problem of government is 
essentially one of expediency; above all, it is con- 
cerned with the practicable, the very urgent question 
of how to keep going for the next six months. There 
is no point in offering the country the clotted cream 
of economic sapience, if Parliament and the elector- 
ate will refuse the draught. There is this amount of 
truth in the old doctrines of Senior and Cairnes 
already cited. The enunciation of a flawless theory 
of wages (if such could be formulated) will never 
still the passions which have given rise to a strike. 
And accordingly—I am on the point of speaking 





Economic Sapience 


blasphemy !—the economic adviser should at times 
be able to forget that he is an economist, and indeed 
to realise that there may be occasions when he ought 
to forget his Economics. He is doubtless an expert 
witness; but his chief value lies in the fact that he 
ought to be a sympathetic observer of the human 
scene, one whose awareness of certain aspects of life 
has been sharpened; one who knows what to look 
for; who knows what questions to ask. 


* * * 


Of one thing I am certain: a structure of economic 
theory that is not based on sound psychology is a 
house without foundation. And therefore your 
economist must be a psychologist—of a sort. 


* * * 


Perhaps misguided by the population tendencies 
of Western Europe, we may have been inclined 
somewhat prematurely to regard Malthus as a 
back-number, as a ghost effectively laid by our most 
admirable and ever-increasing moral restraint. For 
the world as a whole, population is increasing, and 
increasing rapidly; the supply of food is not increas- 
ing proportionately. One authority tells me that in 
1960 world agricultural production may be from 
20°%% to 25% above the level of 1930, whereas world 
population over the same period may show an increase 
of from 30% to 35%. Assuredly we are as yet 
hardly in a position to speak over-confidently of the 
arrival of an era of unlimited plenty. 








this direction of flight is maintained even when obstacles 
such as houses are encountered, the insect continuing to 
try and force its way forward rather than fly round the 
obstacle. 

Much of the work on migration has been due to the 
labours of Captain Dannreuther, already widely known as 
the collector of migration records from an ever-increasing 
number of observers. Captain Dannreuther has said that 
he is now anxious to retire and a volunteer to take over his 
work is being sought at present. 

The passive drift of ‘aerial plankton’ has for some years 
been the object of study by Professor A. C. Hardy, using 
various types of apparatus, but especially nets carried below 
kites on ships crossing the North Sea. A wide range of 
small insects are thus recorded, and although results cannot 
provide more than general information until they can be 
more closely correlated with climatic conditions in possible 
countries of origin, it appears probable that, with the small 
species at any rate, wind direction is a deciding factor in 
distribution. The evolution of satisfactory air-population 
sampling techniques has received considerable attention on 
the part of Dr. Johnson of Rothamsted, whose long series 
of records taken by various means at the Cardington 


Balloon Station are now gradually beginning to give a 
picture of the fluctuations in, for example, air-borne aphid 
populations, as between hours of daylight and darkness. 
It seems possible that high midday temperatures may tend 
to keep aphids on the ground to almost the same extent as 
low temperatures at night. Further interpretation of these 
and other results will be accelerated when the wind-tunnel 
experiments, described in another paper by Mr. P. S. B. 
Digby, have been developed more fully. From these it is 
already becoming apparent that radiant heat may be one 
of the most important factors in encouraging insects to 
become air-borne, while wind itself possibly acts as a 
deterrent. Other experiments are now in progress to deter- 
mine, if possible, the ‘terminal velocity’ of an aphid when, 
conditions in the higher levels being no longer suitable, it 
ceases flying and descends with wings closed. This work 
is being undertaken with a view to trying to find means 
of controlling, or possibly of forecasting, infestations of 
bean aphis. It is in this sense yet another aspect of that 
subject, which was discussed under the Agricultural Section. 
of agricultural ecology. 


The portrait of Sir John Russell is published by courtesy of the Editor of 
*“‘World Crops’’. 
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Filming Under the Sea 

AN entirely new field of motion-picture 
research—that of under-water cinemato- 
graphy—has been recently opened up as a 
result of development work by the Admir- 
alty. The new technique, by which moving 
pictures can be taken in the ocean at 
depths down to 100 ft., does away entirely 
with the old-fashioned and clumsy diver’s 
equipment of helmet, airline, lifeline, 
heavy suit and boots, etc. Instead, the 
‘Frogman’ diver who operates the camera 
carries only a couple of compressed-air 
bottles strapped to his back and a simple 
eye-and-nose mask; he propels himself by 
means of fins strapped to his feet, his arms 
and hands being free to hold and work the 
camera. In warm waters he wears only a 
pair of swimming trunks; 1n colder waters, 
a light dress over diving woollens. 

The camera unit, too, is of special 
design; itis electrically driven by a portable 
battery, the whole being enclosed in a 
chromium-plated watertight case designed 
to have a positive buoyancy of about half 
a pound. Aperture and focus controls are 
ready to hand and can be adjusted during 
running and while swimming towards the 
subject being filmed. 

The development of this technique has 
been the work of three men at the Admir- 
alty Research Laboratory—W. Deryck 
Chesterman, a physicist; John B. Collins, 
an engineer; and H. James Hodges, the 
specialist divingcameraman. Experimental 
work in the Mediterranean last year deter- 
mined quantitatively the distances at 
which photography was possible under 
different conditions of water clarity, 
working depth, etc. The results so far, 
which have been embodied into two films, 
have been remarkably successful. The 
first Is . 20-minute Admiralty sound film 
called ““Report from the Sea-bed’’: the 
second is a shorter version, re-edited by 
the Crown Film Unit for the C.O.I. 
entitled *“‘Wonders of the Deep”’. The skill 
of cameraman ‘Jimmy’ Hodges is revealed 
in his sea-bed shots no less by the absence 
of stirred-up mud than by the amazingly 
steady tracking and approach shots in 
which the object photographed is held in 
focus throughout. These scenes indeed 
open up a new world of vision; in many of 
them there is no feeling of being under 
water— fish swim smoothly through the 
limbo above the strange hills and valleys 
of the sea-bed, past unfamiliar ‘trees’ and 
plants. It is a Walt Disney world brought 
to life. 

In these two films there are shots of 
cameraman Hodges at work: of fish, and 
especially tunny at 50 to 80 ft. depth; of 
the 10,000-ton Breconshire lying on her 
side ten fathoms deep off Malta, where she 
was sunk in convoy coming from the 
Fast in 1942. In certain conditions of 
muddy water or where greater detail is 
wanted in a eal shot the best results 
were obtained by photographing at night 
with artificial lighting, using a sodium 
exchange lamp and a mercury vapour spot. 


But perhaps the most dramatic scenes of 


all are the slow-motion shots of torpedoes 
being fired from the submarine 4vriga in 


action. This is probably the first time in 
history that a moving picture has been 
taken of a submarine in her own element. 

The Admiralty state that this technique 
has been applied to wreck survey in 
damage and salvage investigation, marine 
life studies, sea-bed topography and 
propeller performance, besides the slow- 
motion torpedo work mentioned above; 
and that the work is continuing in the 
Royal Naval Scientific Service on behalf 
of the Director of Boom Defence and 
other Admiralty departments. The results 
will be awaited with the greatest interest. 


A New Growth Inhibitor 


A NUMBER of different plant growth- 
regulating substances heve been dis- 
covered in the past twenty years, and 


several are now in practical use to control] 
specific aspects of growth, e.g. the preven- 
tion of pre-harvest fruit drop, promotion 
of the rooting of cuttings, inducing fruit 
formation from sterile flowers, selective 
weedkillers, etc. (see Discovery, 1946, 
p. 332). A unique growth regulant has 
now been reported by Schoene and 
Hoffmann in Science (Vol. 109, p. 588, 
1949) which causes a pronounced but 
only temporary inhibition of plant growth. 
The compound t is maleic hydrazide, and is 
used either in this form or as its copper or 
zinc salt. When 6-in. tomato plants were 
treated with a 0-2°,, aqueous solution, no 
terminal or lateral growth occurred for 
two months, although the stem showed 
the normal increase in thickness, and 
leaves already formed grew to the usual 
size. When growth was resumed, it was 
mainly from lateral buds, and the plants 
flowered before being discarded. While 
these observations may be only of acade- 
mic interest, the results with turf may prove 
of value, as it was found that the growth of 
grass could be inhibited from one to eight 
weeks depending on the dosage employed, 
and after the quiescent period, growth 
appeared to be normal. Observations 
are continuing to see if any permanent 
damage is caused. 

International Research Laboratories at 
Unesco 

IMPORTANT problems of scientific research 
at an international level were discussed by 
a committee of experts at Unesco House, 





LETTER TO THE EDITOR 
Grey Squirrels 
SIR, 

I have recently been collecting 
informationas to the habits of that 
pest of the countryside, the grey 
squirrel. So far I have not heard 
of any really effective means of 
reducing its numbers. Can any 
reader of Discovery make a 
Suggestion? 

Yours etc. 
ERIC PARKER 
Feathercombe, Aug. 29, 1949, 
Hambledon, 
Godalming. 

















Paris, in August. The discussions were a 
result of resolutions adopted at two 
sessions of the Untied Nations Economic 
and Social Council in 1946 and 1948. 
These resolutions indicated that certain 
researches could be conducted rationally 
only at an international level, and _ that 
other forms of research would gain con- 
siderably in effectiveness if carried out 
through a powerful centralised inter- 
national effort. 

The committee consisted of: Professors 
Caspersson, Debré, Levi-Strauss, Osorio 
de Almeida; Doctors Likert, Needham, H. 
Shanley, and A. T. M. Wilson, as well as 
M. P. Augar of Unesco, and M. Laugier 
of the United Nations. 

After examining various proposals, it 
was necessary for the Committee to make 
recommendations for priority to the 
Economic and Social Council, and the 
Committee unanimously agreed to pro- 
pose to the Council the establishment of: 

First priority: a central Institute of 
Computation and Statistics able to serve 


all the sciences, an Institute of Neuro- 
physiology, and an Institute of Social 
Sciences. 


Second priority: an Institute of Meteor- 
ology, an Astronomical Laboratory, an 
Institute of the Arid Zone, and a Labora- 
tory for Biochemistry. 


DDT-resistant House Flies 

DuRING 1947 there were a few reports 
of failure of DDT to contro! house flies, 
but in 1948 many more cases were reported 
from various countries, and it appeared 
that a serious problem was developing. 
Methods of treatment of dairies and 
stables, for instance, which had previously 
been highly efficient were found sometimes 
to be much less successful on repetition, 
and the suggestion was made that more 
resistant strains of flies had developed, by 
a process of survival of the fittest. This 
suggestion has been investigated and con- 
firmed by King and Gahan of the U.S. 
Bureau of Entomology and Plant Quaran- 
tine, and their findings reported in the 
Journal of Economic Entomology (June, 
1949). A colony of house flies (Musca 
domestica, L.) was subjected to a DDT 
spray so that some were killed, and the 
treatment was repeated each generation 
on the offspring of the survivors. After 
55 generations, the resistance of the flies 
had increased so much that a complete 
kill could not be obtained even with very 
high doses of DDT, and the dose neces- 
sary to kill 70°, of the flies was more 
than 100 times that causing the same 
mortality in a control colony never 
exposed to the insecticide. Resistance was 
slowly lost as generations were bred 
from the resistant strain without further 
exposure. Flies were collected from 
sources where unsuccessful control had 
been reported and were found to be 20 
to 30 times as resistant as the control 
colony. The DDT-resistant flies did not 
show appreciably increased resistance to 
other insecticides, so that some cCo- 
ordinated rotation in the use of different 
compounds may become desirable. 
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Filming Under the Sea 


Fics. 1 and 2.—The new technique of underwater photo- 

graphy developed by the Admiralty does away with heavy 

equipment. The cameraman carries compressed-air 

bottles strapped to his back and an eye-and-nose mask. 

Both hands are left free to work the specially designed 

camera and he propels himself by means of fins attached 
to his feet. 


Fic. 3.—Probably the first picture taken of the gun-deck 
of a submerged submarine. 


Fic. 4.—A torpedo leaving the torpedo tube of a sub- 
merged submarine. A shot from the film ‘Wonders of 
the Deep’’. 


Fic. 5.—Another shot from the film ““Wonders of the 
Deep” taken on the sea-bed. 
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Analgesia in Midwifery 

THE Medical Research Councii has set up 
a committee to promote research into 
analgesia suitable for use by midwives. 
The Chairman is Sir William Gilliatt, 
President of the Royal College of Obste- 
tricians and Gynaecologists, and the 
Secretary, Mr. G. S. W. Organe, anaes- 
thetist to Westminster Hospital, who is 
already Secretary of the Council’s Anaes- 
thetics Committee. 

The Committee’s terms of reference will 
include the study, 
modified methods of administering exist- 
ing analgesic agents as well as the initia- 
tion of further research for new agents. 
Investigations on these lines must inevit- 
ably take a considerable time. In addition, 
before a final decision can be reached 
regarding any new methods by which 
midwives could safely administer analge- 
sics without medical supervision, extensive 
clinical trials will probably be necessary. 
These may have to be conducted at home 
confinements in charge of midwives. 

At the present time, the authorities have 
approved the gas and air method for 
midwives specially trained in its use. In 
all, five different types of gas and air 
machines have been approved. 


Diagnosis of Bee Diseases 

LATEST monograph of the Quekett 
Microscopical Club, entitled The Labora- 
tory Diagnosis of Honey-bee Diseases, was 
written by H. A. Dade, the assistant 
director of the Commonwealth Myco- 
logical Institute who has made a special 
study of this subject and has frequently 
lectured to bee-keepers on it. The mono- 
graph is published for the club by Williams 
and Norgate Ltd., 36 Great Russell St., 
London, W.C.1., price 2s. 


New Secretary for Medical Research 
Council 


Sir EDWARD MELLANBY retires from the 
Research 


secretaryship of the Medical 


if thought desirable, of 


Council on October 1, and is to be suc- 
ceeded by Proressor H. P. HimswortTH, 
director of the Medical Unit of University 
College Hospital. Professor Himsworth 
has done important research on diabetes 
and on liver disease. 


Rouxcolor 


FROM France comes news of a new system 
of colour cinematography. The invention 
of two brothers, opticians named Roux, 
the system has been perfected after 17 
years’ work, and it is claimed that an 
eminent French film producer was suffi- 
ciently impressed by tests to shelve com- 
pletely the finished shooting of a black- 
and-white entertainment film and re-shoot 
it entirely in Rouxcolor, as the new system 
is called. 

The system is ‘additive’ as opposed to 
‘subtractive’; it depends, not on dyes 
incorporated in the actual film as in other 
present-day colour systems, but on a 
special and complex lens-unit—easily 
fitted to normal film cameras in place of 
the ordinary lens—which incorporates 
colour filters and splits the image into 
four separate colour components. These 
form four images, reduced in size, which 
are disposed side by side within the normal 
film frame on ordinary black-and-white 
negative film. An ordinary positive black- 
and-white print of this negative is made 
and projected in a normal cinema pro- 
jector whose lens is replaced by a lens 
unit identical with the one on the camera. 
This passes each ‘colour-separation’ image 
back through its correct colour filter and 
thus, by superposing the now coloured 
images on the screen, the final picture is 
reconstituted in the natural colours of the 
original subject. 

This is by no means the first attempt at 
additive colour systems for motion 
pictures. The prototype of all such sys- 
tems is Clerk Maxwell’s famous demon- 
stration to the Royal Society in 1861; and 
this simple, elegant solution in terms of 





The Brabazon, 
September 4th. 


the world’s biggest all-jet civil aeroplane, 
An article on this aeroplane appeared in the June tssue. 


flew for the first time on 


October, 1949 DISCOVERY 


analysis and synthesis was the principle 
adopted by the many inventors who, from 
as early as 1912 to the present day, have 
tried to give the public colour films by 
using standard black-and-white cameras, 
film, and projectors, and producing the 
colour by means of special lens units. It 
is, however, the opinion of most authorities 
on the subject that no such system is likely 
to succeed commercially; certainly none 
has done so in the past. There are two 
main reasons for past failure; the first 
concerns parallax and limitation of depth 
of field. Various systems, including the 
present Rouxcolor, claim to overcome 
both these difficulties by an ingenious 
optical system. 

The second reason is of a practical 
kind, more deep-rooted and less easily 
overcome. In a nutshell, it is the problem 
of the special lens-units. These are bound 
to be extremely costly (the focal lengths 
of the four beam-splitting lens compo- 
nents must be matched within 1°,): and 
since the various ‘shots’ that make up an 
entertainment film (‘wide-angle’, ‘close- 
up’, etc.) demand a whole range of lenses 
of different focal lengths varying from | or 
14 in. to9 in. or more (2 in. is the normal), 
every producer of a film in Rouxcolor 
would presumably have to be equipped 
with a whole range of lens-units of dif- 
ferent focal lengths. Even assuming the 
ultimate manufacture of such a quantity 
of these lens-units, their hire cost would 
surely be prohibitive. 

On the projection side, any errors in 
an individual ‘camera’ lens-unit must be 
matched by identical errors in the ‘pro- 
jection’ lens-units used in every cinema 
where copies of that particular film are 
shown; or else individual lens-units must 
be capable of adjustments. This implies 
intricate optical and mechanical operation 
on the part of every cinema projectionist 
or else special service mechanics to 
follow the film and lens-units about from 
cinema to cinema. 

Additional disadvantages of this type of 
system are that (i) the images, being re- 
duced to a quarter of the normal film 
frame size, suffer four times the normal 
enlargement during projection, which may 
lead to prohibitive ‘graininess’ in the final 
image, and (ii) film shrinkage may throw 
the component images out of register in a 
comparatively short time, with the conse- 
quent appearance of colour ‘fringes’ on 
the screen. 

From its description, Rouxcolor would 
appear to be no more than a collection 
of known facts served up under a new 
name and with an improved optical 
system (although it is interesting to note 
that a French process called ‘Cineopti- 
chrome’, shown in Paris in 1934, depended 
upon an optical patent by one of the 
Roux brothers). To the best of our know- 
ledge Rouxcolor has not been shown in 
Britain; it would be of great interest to 
see it demonstrated. 


Omission 


By accident the name of Mr. C. L. Boltz, 
author of the article ‘“‘Russian Contribu- 
tions to Science’, was omitted from the 
August issue. To the author and to our 
readers we tender editorial apologics. 
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Russia Puts the Clock Back. By John 
Langdon-Davies. (London, Victor 
Gollancz Ltd., 1949, pp. 160, 7s. 6d.) 


Tuts book presents with great clarity the 
essential facts of the Lysenko dispute, and 
can provide the basis for a well-informed 
discussion of this particular topic from the 
important field of the social relations of 
science. . 

The Lysenko controversy is a double 
one. Within biology it represents the 
latest attempt to revive Lamarckian belief 
in the inheritance of acquired differences. 
This belief is advanced by Lysenko as 
being both practically and philosophic- 
ally necessary. It is asserted that practical 
men like Michurin are of greater useful- 
ness than orthodox genetical research 
workers. Lysenko also denies the sig- 
nificance of genes as determinants of 
observable characteristics, and_ exalts 
environmental influences as the only means 
for betterment of plant and animal species. 
Genes being of no significance, supporting 
experiments are not based upon the use of 
pure lines. Thus other, non-Lamarckian, 
interpretations of the results claimed 
cannot be ruled out, owing to lack of 
adequate controls, and biologists outside 
Russia remain largely unimpressed and 
unconvinced by Lysenko’s attack upon 
classical genetics. 

But the Lysenko controversy also con- 
cerns the relations of science with philo- 
sophy and society. Lysenko regards science 
as only the handmaid, and not as the 
investigator of the social order. To be 
‘true science’, its findings must be accept- 
able to philosophy. Where the two are 
in disagreement scientific evidence and 
conclusions must alike submit to philoso- 
phical censorship. Any persisting opposi- 
tion may justifiably be rendered impotent 
by al! available means. Hence the title of 
this little book. This, be it noted, is not a 
controversy within science, to be solved 
by scientific methods. But it is an issue 
in which every scientist, and indeed every 
man, is deeply involved, and about which 
all must decide where they stand. 

Mr. Langdon-Davies has made a very 
fair abstract of the literature bearing on 
his subject, and Chapter 2 is a succinct 
presentation of the central issue. It is 
a pity, therefore, that he has otherwise 
made the argument seem so much a 
personal one between himself and Prof. 
J.B. S. Haldane, and that he has tended to 
underestimate some of his opponent's 
points. Few of Lysenko’s criticisms are 
Original, but some of them are pertinent. 
(1) Whatever may be the long term out- 
come, on the short view Mendelism has 
so far been of only limited usefulness, 
having regard to the effort expended on its 
development. However, its ideas have on 
occasions been the means to new practice. 
The new autosexing breeds of poultry 
have been originated at Cambridge by 
virtue of Mendelian studies of sex and sex 
linkage. Yet the desired autosexing com- 
binations once made in the laboratory, 


' improvement of the commercial charac- 


lristics of laying capacity and non- 
broodiness were found to be more rapidly 


improved at the hand of the practical 
breeder. This is generally regarded by 
geneticists as due to these characteristics 
being complex in determination, and 
therefore at the moment best dealt with by 
rule of thumb. (2) Western biologists also 
recognise the need for some modification 
of Weismann’s theoretical principles in 
the light of later discoveries. (3) We should, 
in fairness, recognise the failure in Britain 
to apply to the full much existing agri- 
cultural knowledge derived from scientific 
research, a point in part conceded by the 
author, as witness the following quotation 
—Their’s (the Russians’) is a unitary 
attitude towards life, while our attitude is 
contradictory, disorganised and intellect- 
ually anarchic.” 

It should also be remembered that 
Russian profession is not always the same 
as Russian practice. At the time when M. 
Maisky was declaring his country’s lack 
of use for pure science, Soviet scientists 
were Carrying out abstract researches in 
palaeontology and astronomy. Again, 
when Russians declare that they have no 
use for objectivity in scientific research, 
their words are often found to refer rather 
to the social conscience of the investigator, 
and to be an indictment of Jaisser-faire 
with respect to the applications of science. 
Such circumstances introduce an unneces- 
sary but significant confusion into the con- 
troversy. However, when all due allow- 
ance is made, there still remain, as 
Langdon-Davies so clearly shows, two 
causes for the profoundest concern. 
Firstly, the controversy within biology has 
been resolved by criteria not scientific, 
but philosophical and authoritarian. 
Secondly, opposition appears to have been 
completely disposed of by the use of 
political power. Should retreat from 
Michurinism later be found necessary it 
will have been made difficult, if not 
impossible, except by borrowing from the 


scientific activities sponsored in non- 
Soviet territories. | 
A confusing misprint unfortunately 


occurs on p. 119, where, on line 24, 
“innate human inequality” has become 
“innate humane in quality”’. 

M. H. C. 


The Power and Limits of Science. By 
E. F. Caldin. (London, Chapman & 
Hall, 1949, 196 pp., 12s. 6d.) 


AT a time when many laymen, and not a 
few scientists, are tempted to regard 
science as the key to all human problems, 
social and political as well as philosophi- 
cal, it is a refreshing experience to be 
reminded by a scientist of the limitations 
of science. For notwithstanding the title 
of his book, the author is at pains to 
stress the limits rather than the power of 
science. 

To this end he first examines the method 
and the scope of physical science, and 
shows that the method is not deduction 
but induction dependent on the purely 
metaphysical assumption that there is 
order in nature. But this method is not the 
norm for all rational studies; it is only one 
version of the method of reason inter- 


preting experience, adapted to a very 
restricted field. Natural science gives a 
training that may be useful to some extent 
in dealing with the concepts of meta- 
physics, morals, politics and aesthetics, for 
it teaches us to be faithful to facts, but it 
does not give us those concepts themselves. 
These can only be derived from reflection 
upon the relevant data in human life, 
which is something very different from 
induction. 

The author himself calls his book a 
philosophical study, and the layman may 
not find it altogether easy reading. He 
may also feel that the arguments lose some 
of their force through unnecessary repeti- 
tion. Perhaps the liveliest chapter is that in 
which the author discusses the values of 
science to society at large. The whole 
argument of the social function of science 
is neatly dealt with by the essential dis- 
tinction between pure science, on the one 
hand, and applied science and technology, 
on the other. Pure science denotes the 
study of nature for the sake of the good 
resulting simply from the understanding of 
nature quite apart from any material 
benefits. Applied science, though using 
the same method and arriving at the same 
sort of knowledge as pure science, seeks 
knowledge primarily for the sake of its 
applications. Technology is the applica- 
tion of the knowledge won by pure or 
applied science in working out and 
practising techniques for the control of 
material nature. The only real difference 
between pure and applied science is that 
between the general outlooks of the men 
who represent it. But it would be foolish 
to deny that one group has as much to 
contribute as the other. Indeed, the ease 
and frequency with which science has 
been misapplied makes inadequate the 
claim that the sole justification for its 
existence is the improvement of the mater- 
ial conditions of life. And perhaps a 
stronger case could be made for science 
as a source of truth and a guide to rational 
thought and conduct. In the score of 
pages of this last chapter there is perhaps 
more common sense about the social 
function of science than in the whole of 
many a recent volume on the subject. 

E. M. F. 


Glacial Geology and the Pleistocene Epoch. 
By Richard Foster Flint. (Wiley & 
Sons, New York: Chapman & Hall, 
London, 1947; pp. 589, 36s.) 

Tuis survey of the Pleistocene dual of the 

geological phenomena due to the action 

of glaciers is of particular value as it 1s 
written from the American point of view. 

Together with some text-books on the 

Quaternary published in Europe within 

the last 20 years by Woldstedt, Wright, 

Zenner and Daly’s book on the Ice-Age 

published in U.S.A., the latest geological 

period must now be régarded as exceed- 
ingly well monographed. Flint’s contribu- 
tion is by no means restricted to North 

America, in fact one of the most valuable 

parts of the book is a world-wide survey 

of traces of glaciation. 


The introductory chapter is mainly 
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historical. It is followed by the discussion 
of the motion of ice, the regimen of glaciers 
and their form and distribution. The 
various ways are described in which glaciers 
model the landscape, both by taking away 
and by adding to it. Seven chapters are 
devoted to the sequences of Pleistocene 
deposits, and others deal with changes in 
level of land and sea, glacial, pleisto- 
glacial and postglacial climates. 

The treatment of this enormous amount 
of material is reliable and testifies to the 
author’s wide knowledge. 

Flint maintains a critical attitude to- 
wards the various theories which have 
been advanced in order to explain the 
Pleistocene Ice Age as a whole and the 
fluctuations which occurred in its course. 
Nevertheless he is inclined to think that a 
combination of effects of changes in the 
intensity of solar radiation and of the 
presence of high mountains suitable for 
the accumulation of snow and ice can 
satisfactorily account for the phenomena 
observed. In this he is in agreement with 
many other workers in the Pleistocene 
field. The detailed argument both in 
favour of his own version and against 
versions of other workers is inevitably 
speculative and not always in agreement 
with evidence. 

The book is well printed and ade- 
quately illustrated. F. E. ZEUNER. 


Organic Husbandry, a Symposium. 
(London, Biotechnic Press, 1949, pp. 
160, 2s. 9d.) 

A COLLECTION of new or reprinted articles 

on the humus thesis of soil fertility. 

Unhappily few of the contributors 

exhibit a sense of objectivity in the devel- 

opment of their arguments. The word 

‘biological’ is used liberally and vested 

with almost religious superiority, yet one 

must doubt whether many biologists in 
our universities could support the views 
advanced in this book. 

Why must the development of positive 
arguments for the role of humus in fer- 
tility be confused by negative attacks 
upon the so-called chemical nutrients? 
No thesis is advanced by these crude 
methods. Any stick is good enough for 
these writers so long as it is capable of 
striking a blow at the chemist. Thus, in 
one of the better articles of this collection, 
Sir Humphrey Davy is criticised for visit- 
ing France during the Napoleonic wars 
and, worse still, Sir John Lawes, a man who 
was outstanding in his time for devoting 
his private money to research, is belittled 
for selling his fertiliser business for 
£300,000. The importance of humus in 
soil fertility is not denied by soil scientists, 
but this book contains far more evidence 
of monomania than of the indispensability 
of humus-making manures and practices. 

D. P. HOopkKINs. 


Things Not Generally Said. By H. 
Martin-Leake. (London, Christopher 
Johnson, 1949, 168 pp., 10s. 6d.) 

THe author of this book has a distin- 

guished history of public service in the 

agricultural and administrative fields of 
both India and the West Indies. He has 
undertaken the task of analysing, from 
the point of view of an ‘Elder Statesman’ 


Printed and Published in Great Britain by Jarrold & Sons, Ltd., Norwich, 


some of the more disastrous aspects of this 
new-wine-in-old-bottles period in which 
we are now living. Many would not 
agree with his analysis; others would 
think that he has over-simplified the 
psychological attributes of power-seeking 
groups, but as a good scientist and experi- 
enced administrator his views merit more 
than casual consideration. He does not 
approve of the way science is going in this 
country; he aims to remove the blinkers 
from the eyes of those who believe that 
the universities and research institutions 
are strongholds of academic freedom in 
which the urge to extend the bounds of 
human knowledge holds complete sway. 
The author finds that the universities 
have become citadels for individuals who 
“bestow advice in a consultative capacity” 
—leaving to others the burden of such 
consequences as may follow the adoption 
of that advice. A more serious criticism 
is that “those who should be building 
up schools of research are diverted to 
attendance on a thousand and one com- 
mittees’’. 

This means, in other words, that some 
university professors, instead of getting 
on with their jobs, are at the beck and 
call of the Government and are doomed to 
sit perpetually on this or that committee. 
Even the Royal Society has not escaped 
criticism, for, says the author, ‘“‘recent 
elections to Fellowships have included 
men who, for many years past, have 
devoted their energies not to research but 
to attendance on committees and com- 
missions’’. 

Things like these are certainly “things 
not generally said’. Strictures of this 
kind, however, play only a small part in 
the book, which is characterised by what 
one might term uncommon common 
sense in that the type of co-partnership 
scheme which he proposes as a remedy 
for the worst of our economic ills has the 
merit of being relatively simple and 
practical. 

This stimulating book should be read 
not only by scientists and administrators 
but also by the occupants of felicitous 
ecological niches on committees and 
commissions. S. C. HARLAND. 


Applied Atomic Power. By Smith, Fox, 
Sawyer and Austin. (Blackie, London, 
1948, pp. 227, 20s.) 

ATOMIC energy having caught the public 
eye it is probably to be expected that the 
word ‘atomic’ should be a temptation to 
authors and publishers who are not 
ashamed of producing a bad book, and | 
imagine that Applied Atomic Power by 
Smith, Fox, Sawyer and Austin (Blackie 
and Son, 20s.) is a forerunner of this type 
of book. It is the reviewer’s dream of the 
ideally bad book. Nothing can be said 
in its praise. It is full of errors and mis- 
leading statements, naive in the extreme 
and completely beside the point. 

The book is in five sections, of which the 
first two deal with radioactivity and the 
physical background of atomic energy in a 
way which would shame a schoolboy. 
The third is a potted version of the official 
Smyth Report “Atomic Energy for 
Military Purposes’, which is far more 
readable in its original form. The fourth 
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section, entitled “Possible Methods of 
Converting Atomic Energy into Mechani- 
cal Power’’, contains some good descrip. 
tions of gas turbines, especially the ones 
recently built in Switzerland without any 
connexion with atomic energy, and sug. 
gests that they might usefully employ 
atomic energy as an auxiliary heat supply, 
There are numerous drawings of con- 
ventional power plants with the words 
“atomic powered” prefixed to the com- 
bustion chamber, but it is clear that the 
author is unaware of any of the technical 
factors entering into the design of a 
machine using atomic power. There are 
also fantastic sketches cf atomic loco- 
motives and aircraft, reminiscent of 
schoolboy ‘wonder’ magazines. Of the 
intellectual level of the fifth section. 
*“*Industrial Benefits from U-235 Research” 
enough can be gathered from the follow- 
ing quotation: “‘As one spokesman for the 
Kellex Corporation has stated, ‘Uranium 
hexafluoride is one of the hardest things 
to handle in the history of mankind’”! 
The author of this section, it may be added, 
is executive vice-president of the Kellex 
Corporation. A book on which nobody 
should waste a pound. 
M. H. L. Pryce. 


Roman Ways in the Weald. By I. D. 
Margary, F.S.A. (London, Phoenix 
House, 1948; pp. 288, 15 plates and 
120 pages of maps, plans, etc., 25s.) 

[HE author of this work has, for over 
twenty years, been an industrious archaeo- 
logical field-worker in the Weald, and has 
during that period published numerous 
articles on Roman ways and kindred 
subjects in the proceedings of the archaeo- 
logical societies of Kent, Surrey, Sussex, 
and elsewhere. 

The first part of his book treats of the 
character, geography, and methods of 
studying Roman roads; the rest of the book 
describes the Wealden roads and ways, of 
which Stane Street is the best known. It 
is illustrated by annotated strip-maps and 
photographs from the air and ground. 
Chapter 10 contains a fascinating account 
of the discovery of the probable example 
of centuriation of the vicinity of Ripe, 
east of Lewes. His work maintains the 
highest standard of scholarship, and 
concludes with a copious bibliography 
and index. L. V. GRINSELL. 


Photo-electric Cells in Industry. By R. C. 
Walker. (London, Isaac Pitman, 1948; 
pp. 517, 40s.) 

A COMPARATIVE volume on all aspects o! 

work with photo-electric cells, both emis- 

sion and rectifier types. The cells them- 
selves, the associated optics, ancillary 

equipment and circuits, together with a 

multitude of industrial applications, are 

adequately described and illustrated with 
reference to representative commercial 
apparatus. Some main chapter headings 
include machine control, alarms and 
indicators, measuring instruments, sound 
reproduction, facsimile transmission, and 
television. Written in an easy readable 
style, it is eminently practical with no 
excursions into theory, although a wealth 
of references facilitates more advanced 
study. E. D. H. 


Editorial Offices: 244 High Holborn, W.C.1 
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SAN JOSE (AMORC) 


FR BEHIND your > fo 
KZOUT: MIND — 


Do you use just your thinking mind? 
If you do, you are missing 90 per cent. 
of your possibilities. Those occasional 
hunches are the urges of a vast sleeping 
force in your inner mind. Learn to 
develop and direct it. Push obstacles 
aside and master life with an energy 
you have overlooked. Send for FREE 
SEALED BOOK. It tells how to obtain 
these teachings. Address: Scribe \/.4.F. 


The ROSICRUCIANS 


CALIFORNIA 










AMATEUR ASSOCIATION 


FOOTBALL CLUBS. 


ACCIDENT INSURANCE — 





BENEFIT at rate of £2 per week 
up to 52 weeks any one accident 


COST £8 10s. 


Policies available for other amounts: 





Benefit Premium per team 
fl per week £4 5s. a year 
{1 10s. per week £6 7s. 6d. a year 
2 per week £8 10s. a year 


£3 per week £12 15s. a year 








Policies are now in force for 12 months 
from date of commencement of insur- 
ance. Now is the best time to Insure. 


The ONLY Scheme under which 
COMPENSATION PAID BY 
INSTALMENTS in serious cases 
instead of waiting until the end of 
disablement as under other schemes. 


per Team 
per Year 


BENEFITS APPLY 


to an injured player 
during period of total 
disablement from fol- 
lowing his normal occu- 
pation as result of an 
accident whilst playing 
in any match (including 
practice match) organ- 
ised by the club. No 
compensation for first 
7 days of each period 
of disablement or to 
players under 15 years 
of age. Includes Prac- 
tice and Training. 


sé. A. SHEPPARD & CO. 


¢ * DEPT. 212, MARTINS BANK CHAMBERS, 


rer’ 30 MOUNT PLEASANT ROAD, TUNBRIDGE WEZLiS 
Phone: Tunbridge Veils 130 











* JUST OUT 


WHAT IS MAN? 


Evolution’s Answer 
by ALFRED MACHIN 


The question is answered from the viewpoint of 
the evolutionist, ascribing the major troubles that 
perplex and confound us to the primary instincts— 
selfishness, hatred of work, and premature sexuality. 

10s. 6d. net 


Traits of 


DIVINE KINGSHIP 


in Africa 
by REV. P. HADFIELD, M.A., B.D. 


A profoundly interesting account of the ideas, 
customs, and ceremonies associated with divine 
kingship, giving a detailed examination of the 
characteristic traits to be found in Egypt and among 
the widely-scattered African peoples. 8s. 6d. net 


C. A. WATTS & CO. LTD. 

















SCIENCE 
TO-DAY 


gives weekly reports of progress 
in all branches of science—obtained 
from meetings, lectures and specialist 
journals. Recent issues have covered 
research on insect flight, glacier flow, 
the spectrum of the sun, and physics 
in archeology. In each case, the 
news given had not before been 
published in a journal of general 
circulation. References are supplied. 
Science To-day is a necessary aid 
towards keeping up-to-date. 


Editor: A. W. Haslett, M.A. 
Subscription: 30s. a year (50 issues) 
Specimen Copies: from Science To-day 
104 Clifton Hill, London, N.W.8 

















Sulphuric Acid 


Sulphuric acid is one of the most important of 


all the ‘‘ heavy ’’ chemicals. It is of such 
fundamental importance that its consumption 
can be regarded as the barometer of a nation’s 
industrial capacity. It is essential for hundreds 
electric 
paper, 


plastics and weedkillers, to mention but a few. 


of products —artificial silk, dyes, 


accumulators, explosives, fertilisers, 
It is also used extensively in several branches of 
the metal industry. A Birmingham doctor, 
John Roebuck, developed the first commercial 
method of manufacture in 1746, and 85 years 
later, Peregrine Phillips, a vinegar manufacturer 
of Bristol, patented a Contact Process. By this 
method, which today is responsible for half the 


output of this vital chemical, sulphur dioxide — 
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obtained by burning sulphur, iron pyrites, zinc 
blende, or other substances rich in sulphur — 
is made to combine at high temperature with 
oxygen. The combination takes place in the 


+] 


presence of certain metal ‘‘ Catalysts ’’ which 
have the remarkable effect of speeding up the 
reaction without themselves taking part in it. 
The combination of sulphur dioxide and oxygen 
yields sulphur trioxide, which combines with 
water to form sulphuric acid. 

Britain’s achievement in respect of Sulphuric 
Acid is a double one. Not only were the two 
principal processes of manufacture invented by 
Englishmen, but the raising of production to 
present levels — about 1|,600,000 tons yearly 


— is atriumph of British chemical engineering. 
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